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T O T H E 


Baron  de  SPARGES  and  F AIE  NT  Z* 


Knight  of  the  Order  of  St.  STEPHEN, 
AND 

COUNSELLOR  to  his  IMPERI  AL  and  ROYAL 
MAJESTY  for  the  Italian  Department. 


S I R, 

OUR  Proteólion  confers  Honour 
on  the  Sciences,  while  your  Cul- 
tivation extends  them  : You  employ 
the  Power  entrufted  to  you  by  his  Im- 
perial Majefty,  in  advancing  the  Hap-r 
pinefs  of  his  People,  by  promoting 
the  Progrefs  of  Letters,  and  diffufing 

A i their 


DEDICATION. 


their  kindly  Influence.  Your  Atten- 
tion unfolds  the  Abilities  of  Men,  and 
creates  a Multitude  of  ufeful  Citizens. 
Your  beneficent  Activity  affords  a thou- 
fand  Refources  to  all  thofe  who  devote 
their  Talents  to  fcientifical  Purfuits  ; 
and  with  this  View  in  particular,  you 
enrich  the  Royal  Cabinet  of  Natural 
Hiftory  at  Pavia,  by  procuring  from 
various  Parts  numberlefs  Specimens 
equally  rare  and  valuable. 

Yes,  Sir,  it  is  You,  in  whom  Europe 
beholds  with  Admiration  the  interefting 
Spedfacle  of  a Minifter,  vrho  conceives 
that  he  is  faithfully  difcharging  his 
Duty  to  his  Prince,  while  he  enlightens 
at  once  the  Country  and  Age  in  which 
he  lives  ; and  whofe  Relaxations  from 
Toil, confili;  in  Peeking  in  newAcquifitions 
of  Knowledge,  the  Means  of  increafing 
the  Number  of  happy  Individuals. 

Allow  me  therefore,  Sir,  to  folicit 
your  Indulgence  for  the  Work  which  I 
prefume  to  offer,  as  a finali  Token  of 

my 
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my  lively  Gratitude  for  the  many  Fa- 
vours which  you  have  been  inceflantly 
heaping  upon  me.  That  Sentiment 
will  be  ever  deeply  engraven  on  my 
Heart,  together  with  the  profound  Re- 
fpedt  with  which  I have  the  Honour  to 
be, 

S I R, 

Your  mod;  humble 

i 

and  mod;  obedient  Servant 
Lazarus  Spallanzani. 
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Translator’s  Preface, 

* * * ' * V 


LONG  eftablifhed  cuftom  feems  to  have 


conferred  upon  tranflators,  the  right  of 
annexing  every  epithet  of  praife,  which  lan- 
guage affords,  to  the  name  of  their  author. 
But  of  this  privilege,  however  valuable,  it 
is  not  my  defign  now  to  take  advantage. 
The  celebrity  of  the  favourite  friend  of  a 
Charles  Bonnet,  and  of  the  philofopher,  to 
whom  the  dying  hand  of  Haller  configned 
the  defence  pf  Truth  and  Nature,  would  not 
receive  much  addition  from  the  encomiums 
of  a writer,  who  choofes  to  conceal  his  name. 

t 

Yet  as  fonie  uncommon  experiments  related 
in  the  following  volumes,  may  draw  the  at- 
tention of  perfons  but  flightly  acquainted 
with  Natural  Hiftory,  I think  it  my  duty  to 
endeavour  by  fome  means  to  engage  their 
confidence,  left  that  which  copftjtutes  one 
of  the  chief  excellencies  of  the  work  fhould, 


by 
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by  creating  fcepticifm  in  the  reader,  prove  a 
difadvantage  to  it.  Nothing  appears  more 
likely  to  fhew  what  degree  of  confidence 
may  be  repofed  in  the  philofopher,  whom  I 
introduce,  than  an  enumeration  of  the  fer- 
vices  which  he  has  already  rendered  to  this 
ufeful  and  amufing  branch  of  knowledge. 
And  I undertake  this  tafk  the  more  willingly, 
lìnee  I have  obferved  that  they  are  not  very 
diflindtly  known,  even  to  fome  who  are  em- 
ployed in  this  country  in  purfuits  of  the 
fame  nature. 

To  fever  the  different  parts  of  animals,  is 
one  of  the  moft  effectual  means  of  deftroying 
them.  If  therefore  I fhould  affert  that  this 
treatment  will  multiply  fome  animals,  and 
do  no  injury  to  others,  the  proportion 
will  probably  appear,  in  the  eyes  of  thofe 
to  whom  this  Preface  is  principally  ad- 
dreffed,  to  have  all  the  extravagance  of  fable. 
Nothing,  however,  is  more  certain.  About 
the  middle  of  the  prefent  century  Reaumur, 
the  great  French  philofopher,  difeovered 
that  fome  cruftaceous  animals  have  the  power 
of  reproducing  the  laft  joints  of  their  legs. 
Soon  afterwards,  the  regard  of  the- world 
was  more  powerfully  attracted  towards  this 
topic  of  Natural  Hiftory,  by  Trembley  and 
Bonnet.  From  their  obfervations  it  appears, 

that 
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IX 


that  polypes,  and  Leverai  fpecies  of  worms, 
are  capable  of  forming  anew  thofe  parts,  of 
which  they  have  been  deprived  by  defign  or 
accident.  Some,  however,  of  thefe  animals  are 
conftruCfced  with  fo  muchfimplicity,  and  they 
all  occupy  fo  low  a place  in  the  fcale  of  exig- 
ence, that  Phyfiologifts  were  not  difcouraged 
from  attempting  explications  of  phenomena 
fo  unexpected  and  fo  repugnant  to  received 
opinions.  Their  gelatinous  confidence,  their 
duCtility,.  their  uniformity  of  organization, 
afforded  a lpecious  foundation  for  the  theory 
of  animal  reproductions  (a).  But  thehiftory 
of  every  fcience  fhews,  that  at  the  dawn  of 
new  difcoveries,  the  light  is  too  feeble  to 
guide  Reafon  in  her  progrefs  towards  Truth. 
A ihort  time  evinced,  that  other  principles 
are  neceffary  to  the  explanation  of  this  won- 
derful property.  In  1768,  Spallanzani  pub- 
liihed  his  famous  ProfpeCtus,  in  which  he 
announced,  that  decapitated  fhails  not  only 
furvive  this  dangerous  operation,  but  regene- 
rate the  part  which  they  have  loft,  and  that 
the  water-newt  reproduces  its  legs  and  tail. 
He  moreover  afferts,  that  the  fame  preroga- 
tive belongs  to  frogs  and  toads  in  the  form  of 
tadpoles.  Ever  fince  the  date  of  the  Pro- 
ipeCtus,  the  dil'covery  concerning  fnails  has 

(«)  Sec  Contemplation  de  la  Nature,  Partie  9. 
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been  a fubjeCt  of  controverfy.  The  petulance 
of  Voltaire,  prompted  him  to  level  the  fhafts 
of  ridicule  again  ft  the  Italian  Naturaliff. 
But  he  had  more  formidable  opponents.  The 
celebrated  meteorologi  If,  Abbé  Cotte,  Adan- 
fon,  the  Hiftorian  of  Senegal,  and  Bomare, 
the  compiler  of  the  Dictionary  of  Natural 
Hiflory,  concurred  in  attacking  him.  Their 
objections  are  founded  upon  numerous  ex- 
periments, in  all  which  the  fnails  perifhed  in 
very  different  times,  indeed,  after  the  fepara- 
tion  of  the  head,  but  without  the  leaff  token 
of  reproduction.  This  contradiction  impo- 
fed  upon  the  author  the  neceffity  of  vindicat- 
ing the  reality  of  his  difeovery,  and  he  ac- 
cordingly, in  the  Avant  Courenr , a French 
periodical  paper,  deferibed  the  manner  in 
which  his  experiments  had  been  made.  Nor 
does  his  teffimony  {land  lingle  and  unfup- 
ported  : it  has  been  confirmed  by  obfervers 
of  no  vulgar  order;  by  Lavoifier,  by  Shceffer, 
by  Bonnet  and  Senebier,  fo  that  no  weight 
can  now  be  allowed  to  the  negative  refults  of 
thofe  who  oppofed  the  difeovery.  Though 
the  work,  which  thus  created  a lchifm  among 
Naturaliffs  before  its  publication,  has  been 
fo  long  delayed,  it  has  not  been  abandoned.  Its 
appearance  may  loon  be  expeded.  Befides 
the  curious  experiments  which  I have  men- 
tioned, 
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tioned,  it  will  contain  many  upon  the  earth- 
worm. “ Spallanzani,  fays  Mr.  Bonnet  [a), 
has  far  outftripped  his  predecelfors.  He  fidi 
obferved  feveral  fucceflive  reproductions  of 
the  head  in  the  fame  individual.  He  has 
leen  pieces  cut  out  of  the  middle  of  the  body, 
become  compleat  worms,  by  producing  a new 
head  and  a new  tail.  He  has  varied  the 
tranfverfe  feCtions,  and  determined  the  points 
at  which  reproduction  no  longer  takes  place. 
He  has  afcertained  what  length  every  piece 
mull  have,  in  order  to  regenerate  a complete 
animal.  He  has  traced  with  care  the  mode 
and  progrefs  of  the  regeneration.  He  has 
alfo  varied  the  longitudinal  feCtions.  He  has 
attempted,  but  without  fuccefs,  to  form 
Hydras.”  It  is  therefore  not  unreafonable 
to  infer,  that  the  novelty  and  variety  of  the 
experiments,  will  amply  compenfate  for  the 
delay. 

The  next  confiderable  work  of  Spallanzani, 
was  a feries  of  obfervations  on  the  circulation 
of  the  blood.  On  a function  which  has  been 
ftudied  with  fo  much  diligence  by  fucceeding 
phyfiologifts,  from  Harvey  to  Haller,  mo- 
dern ingenuity  could  not  be  expected  to  throw 

much  light.  The  illuftrious  anatomift, 

* 

(a)  Contemplation  de  la  Nature,  p.  249.  Ed.  nouvelle 
en  8vo.  j 

, whom 
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whom  I have  laft  named,  had  excluded  moll 
of  the  auxiliary  powers,  which,  according 
to  preceding  enquirers,  concur  with  the  heart 
in  producing  the  perpetual  motion  of  the 
blood.  But  the  Italian  ProfefTor,  whofe  ob- 
fervations  were  made  upon  cold  animals  and 
on  the  chicken,  attributes  this  effeCt  to  the 
heart  alone.  He  allows  nothing  to  the  con- 
traction of  the  veffels  or  any  other  co-operat- 
ing caufe.  He  fhews,  that  in  arteries  and 
veins  of  equal  diameter,  the  blood  moves 
with  equal  velocity.  I need  not  inform  the 
reader,  that  the  rapidity  of  motion  was  very 
generally  fuppofed  to  be  much  greater  in  the 
former  than  in  the  latter  clafs  of  veffels. 

Many  fuppofe,  that  the  arterial  blood  moves 
more  flowly,  as  it  is  at  a greater  diftance  from 
the  heart.  From  his  numerous  obfervations, 
Spallanzani  concludes,  that  it  moves  at  leaft 
very  rapidly  in  the  capillary  veffels  of  that 
fpecies. 

The  velocity  of  the  venous  blood  appeared 
to  increafe  regularly  from  the  largeft  to  the 
fmalleft  veins.  In  the  latter  the  author  con- 
cludes upon  the  whole,  that  it  is  three  times 
as  great  as  in  the  former.  Though  this  de- 
duction may  feem  in  fome  meafure  to  coincide 
with  the  dodtrines  of  the  mechanical  feCt  of 
phyficians,  yet  the  laws  of  hydraulics  are 

very 
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very  far  from  being  ftri&ly  obferved  here. 
For  as  the  fum  of  the  diameters  of  the  fmall 
veins  many  times  exceeds  the  fum  of  the 
diameters  of  the  large  veins,  the  difference 
of  velocity  ought  to  be  much  greater. 

The  phenomena  that  offered  themfelves 
to  the  obferver’s  regard  in  the  aorta,  were  new 
and  curious.  In  the  part  contiguous  to  the 
heart,  the  motion  of  the  blood  was  unequal, 
and  even  ceafed  during  the  time  of  diaftole. 
This  alternate  ftagnation  became  gradually 
lefs  diftindt,  as  the  diftance  from  the  heart 
increafed,  and  towards  the  more  remote  region 
of  the  aorta  totally  difappeared.  The  velo- 
city, however,  was  not  fo  great  towards  the 
end  of  this  principal  artery,  during  the  time 
of  the  dilatation  of  the  heart,  as  during  its 
contraction.  This  remarkable  inequality  va- 
nifhes  altogether  in  the  arteries  of  middle 
hze,  fuch  as  the  pulmonary  and  the  mefen- 
teric,  and  the  motion  of  the  vital  fluid  becomes 
quite  regular  and  uniform. 

Haller,  whofe  obfervations  on  the  chicken 
have  fo  widely  illuminated  phyfiology, 
feems  to  have  been  deceived  with  refpedt  to 
the  primitive  colour  of  the  blood.  The 
blood-veffels  have,  according  to  him,  a tinge 
of  yellow.  But  the  yolk,  communicating 
its  hue  to  them,  deceives  the  eye  of  the  ob~ 

ferver. 
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ferver.  The  addrefs  of  Spallanzani  has  dif- 
fipated  the  illufion.  He  detached  the  vafcu- 
lar  membrane  from  the  yolk,  and  fetting  it 
upon  a plate  of  glafs,  found  that  the  yel- 
low colour  difappears,  and  is  fucceeded  by  a 
pure  red. 

Of  the  red  particles  of  the  blood  he  ob- 
ferved,  that  they  do  not  turn  round,  accord- 
ing to  a common  fuppofition,  upon  their  own 
axis,  and  that  they  have  merely  a progreflive 
motion  along  with  the  other  conflituent  parts 
of  that  fluid. 

Thus  the  teftimony  of  Spallanzani  may  be' 
added  to  that  of  others*  in  order  to  prove, 
that  the  laws  to  which  inanimate  matter  is 
fubjedt,  cannot  be  applied  to  living  bodies. 
It  could  not,  however,  be  expedted,  that 
mechanical  phyfiologifls  would  yield  without 
a conteft  to  this  attack  upon  their  theory. 
Accordingly  Prochalka,  a phyfician  of  Vi- 
enna, has  attempted  to  overturn  theie  obier- 
vations.  But  his  objedtions  will  only  ferve 
to  Axengthen  the  caule  of  his  adverfary;  and 
it  would  be  eafy,  if  this  were  the  proper 
place,  to  expofe  their  futility.  It  may  per- 
haps be.  fufficient  to  remark,  that  he  has  not 
taken  up  the  microfcope,  and  feen  the  con- 
trary of  what  is  related  by  the  Italian  Pro- 
feilbr,  but  with  a temerity  that  can  fearcely 

be 
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be  too  much  reprobated,  has  oppofed  reason- 
ing to  experiment. 

Thole  diminutive  beings  that  inhabit  in- 
fuiions  and  the  Seminal  fluid,  have  been  more 
Signalized  than  larger  animals,  by  the  diSputes 
and  the  theories  of  philolophers.  Since  the 
a?ra  of  that  difcovery,  which  laid  open  a 
world  before  invilible  to  human  infpeótion, 
Naturalifts  have  enquired  into  their  origin 
and  nature  with  anxious  curiolity,  but  with 
a degree  of  fuccefs  by  no  means  proportional 
to  their  labour.  The  fubjedl  was  involved  in 
uncertainty  and  contradiction,  when  Spallan- 
zani undertook  to  investigate  it  -,  and  in  this 
enquiry,  in  which  the  union  of  genius  and 
patience,  invention  and  afiiduity  is  fo  indif- 
penfabl.y  necelfary,  it  will  not  be  difficult  to 
Shew,  that  he  has  Succeeded  better  than  any 
other  obferver.  In  the  year  1765,  he  pub- 
lished Microfcopical  0 bfervations  relative  to 
the  Syjiems  of  Generation  of  Mejfrs k Needham 
and  Buf  'on.  Continuing  to  Study  this  Cu- 
rious lubjeCt  with  unremitting  attention,  he 
produced  ten  years  afterwards  a larger  work, 
in  which  molt  of  his  former  ideas  appear  con- 
firmed by  many  repetitions,  and  amplified  by 
important  additions.  Of  this  work  I am 
about  to  gratify  the  reader,  by  a brief  ana- 

tyfis. 
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His  firfl  effays  were  made  with  a view 
to  afcertain  the  effedts  of  heat.  He  boiled, 
roafled,  and  even  calcined  feveral  fubftances  ; 
but  thefe  violent  proceffes,  when  conducted 
in  open  veffels,  did  not  prevent  the  appearance 
of  the  animalcules.  Nay,  the  infufions  of 
the  fubftances  that  were  boiled  longeft  were 
the  moft  populous  for  boiling,  by  haftening 
their  decompofition,  contributes  to  a more 
excefhve  multiplication.  In  veffels  hermeti- 
cally fealed,  very  different  phenomena  occur. 
The  larger  kinds  (for  thefe  animalcules  differ 
very  widely  in  fize)  do  not  appear  if  the  in- 
fufion  boils  a fingle  fecond;  and  fo  deleterious 
is  the  power  of  heat  under  thefe  circum- 
ffances,  that  they  are  not  evolved  in  a warmer 
temperature  than  that  which  is  marked  by 
the  92  or  930  of  Fahrenheit’s  thermometer. 
The  more  diminutive  fpecies  fuftain,  in  clofe 
veffels,  a boiling  heat  for  half  an  hour,  but 
not  for  three  quarters.  The  author,  defirous 
of  illuflrating  his  fubjedt  by  referqb  lance  and 
contrail:,  was  very  naturally  led  to  enquire 
how  far  other  animals  and  vegetables  are  ca- 
pable of  refilling  the  effedts  of  heat.  He 
? found  in  the  firfl  place,  that  the  eggs  of  cer- 
tain animals  poffefs  this  privilege  in  a more 
eminent. degree  than  the  animals -themfelves. 
Thus  tadpoles  and  frogs  perifh  at  no0,  m% 
whereas  no  degree  of  heat  fhort  of  133  de- 

itroys 
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ftroys  their  eggs  (a).  Silkworms,  and  the 
eriicae  of  the  butterfly  of  the  mountain  alh, 
are  unable  to  fuftain  the  degree  of  heat  ex- 
prefled  by  io8°;  but  the  eggs  of  both  thefe 
fpecies  are  not  rendered  unprolific  by  any  de- 
gree lower  than  1330,  and  many  bear  an  hot- 
ter temperature  with  impunity.  Large  flies 
die  at  990  |,  their  nymphs  uo°,  m°,  their 
maggots  at  1080,  and  the  eggs  are  fpoiled 
only  at  140°. 

The  fame  law  extends  to  plants,  and  the 
feeds  from  which  they  fpring.  The  feeds 
of  the  bean,  the  French  bean  and  trefoil, 
fuftain  unhurt  the  heat  of  boiling  water, 
whereas  the  plants  themfelves  are  deftroyed 
by  the  temperature  defigned  by  the  167th0  of 
Fahrenheit’s  thermometer. 

The  feeds  of  plants  are  more  capable  of 
refilling  the  aétion  of  fire  than  the  eggs  of 
animals.  Of  the  former,  all  on  which  the 
experiments  of  Spallanzani  were  made,  re- 
filled a dry  heat  of  167°,  and  many  of  21 2°. 
But  not  a fingle  egg  was  hatched  after  it  had 
fuftained  the  145th0  of  Fahreneit’s  thermo- 
meter. 

(f)  It  will  be  Teen  in  the  fecond  Volume,  that  thefe 
bodies  are  not  eggs  ; but  this  circumftance  does  not  in 
any  way  affect  the  refult  of  the  experiment. 


I fay 
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I fay  a dry  heat , becaufe  it  appears  that  fire, 
in  combination  with  water,  adts  with  greater 
efficacy. 

Thus,  if  we  except  the  larger  animalcules 
of  infufions,  the  analogy  between  the  inha- 
bitants of  the  microfcopical  and  the  vifible 
world  is  complete,  and  thus  every  new  ob- 
fervation  in  Natural  Hiflory,  affords  a frefh 
example  of  the  beneficent  care  of  Provi- 
dence. By  what  means  he,  whofe  wifdom 
has  ordained,  that  the  generations  of  created 
beings  fliould  follow  each  other  in  a regular 
fucceffion,  has  fecured  this  privilege  to  the 
rudiment  of  the  future  animal,  who  does  not 
wifh  to  be  informed  ? — But  its  extreme  mi- 
nutenefs  keeps  it  fo  remote  from  every  fenfe 
of  man,  that  the  imagination  is  left  to  form 
conjectures  unaffifted  and  alone.  The  dif- 
ference, which  is  great,  and  confifts  of  many 
degrees  of  heat,  forbids  us  to  fuppofe  that 
the  covers,  under  which  the  germ  is  lodged, 
can  be  the  caufe  of  fo  remarkable  an  effedt. 
Nor  can  its  fmallnefs  be  admitted  as  a fatis- 
fadtory  reafon,  lìnee  we  cannot  but  fuppofe 
the  particles  of  heat  to  be  Itili  fmaller.  Is 
the  phenomenon  owing  to  the  dimnefs  of 
the  lpark  of. life  ? Analogy  teaches,  that  this 
lpark  is  lefs  eafily  extinguifhed  in  thofe  cafes 
where  it  is  lefs  vivid.  Thus  animals  in  a 
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fiate  of  torpor  do  net  fo  foon  die  after  violent 
operations,  fuch  as  decapitation,  as  when  the 
vital  energy  is  ftrong  ; and  infedts  plunged  in 
water,  do  not  drown  in  winter  fo  foon  as  in 
iummer.  The  hypothefis  is  not  without 
plaufibility,  and  the  Phyfiologift  will  fup- 
pole,  without  much  reludtance,  that  the 
principle  of  life  is  lefs  intenfe  before  fecun- 
dation. 

The  Author  next  pafles,  by  an  eafy  tran- 
lition,  to  an  examination  of  the  effedts  pro- 
duced by  cold.  He  found  that  the  germs  of 
thefe  minute  beings  relift  a very  intenfe  cold. 
The  animalcules  themfelves  of  a fmaller 
lpecies  are  not  deftroyed,  as  long  as  the  water 
retains  its  fluidity.  And  even  in  this  cafe, 
it  is  the  congelation  of  the  water,  and  not 
the  abfence  of  heat  which  proves  fatal  ; for 
in  water,  in  which  the  thermometer  funk 
1 6*  below  the  point  of  congelation,  but 
which,  by  being  kept  at  reft,  was  prevented 
from  being  frozen,  they  furvived,  though 
their  movements  became  indeed  lefs  brilk. 
It  deferves  to  be  remarked,  that  the  fpecies 
which  fuftained  this  rigorous  temperature, 
agreed  perfectly  in  appearance  with  thofe 
which  bore  the  greateft  heat. 

In  the  profecution  of  his  experiments,  the 
author  found,  that  the  animalcules  of  infu- 
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fions  are  deltroyed  by  the  odour  of  camphor 
and  turpentine,  by  the  fmoke  of  tobacco  and 
the  yapp ur  of  fulphur,  by  urine  and  other 
faline  fubftances.  The  electrical  fluid  alio 
kills  them  inltantaneoufly,  and  they  agree 
with  other  animals  in  requiring  the  influence 
of  the  air  for  the  fupport  of  life.  Some 
fpecies,  however,  are  entitled  to  the  notice 
of  the  Naturalilt,  on  account  of  the  length 
of  time  during  which  they  live  in  voidfpace. 
If  feme  perilli  in  a day  or  two,  there  are  not 
wanting  others  which  can  fupport  the  ab  fence 
of  air  for  a month.  Nor  do  they  immedi- 
ately difeontinue  the  exercife  of  their  func- 
tions, or  abate  of  the  quicknefs  of  their 
motions. 

Since  experiment  has  fucceeded  to  conjec- 
ture, and  obfervation  grown  more  accurate, 
•men  have  diligently  endeavoured  to  trace,  by 
deductions  from  faCts,  the  origin  of  animated 
beings.  Among  the  fyftems  which  have 
been  invented,  feveral  have  been  built  upon 
the  inhabitants  of  infuflons,  and  the  feminal 
fluid.  Writers,  finding  nothing  in  the  pro- 
duction of  large  animals  to  favour  their  para- 
doxical opinions,  have  fought  for  refuge  in 
the  obfeurity  of  minutenefs.  Needham  af- 
ferts,  that  certain  filaments,  oblervable  in 
infuflons,  are  animated  by  an  internal  expan- 
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five  fpirit,  and  that  after  fweliing  and  per- 
forming certain  irregular  progreffive  motions, 
they  divide  into  fmall  pieces,  which  being 
more  and  more  exalted  by  the  expanfive  force 
that  is  continually  purifying  them,  are  at 
lalt  converted  into  microfcopical  animalcules. 
This  wonderful  tranfmutation  of  vegetables 
into  animals,  Spallanzani  has  diligently,  but 
in  vain,  fought.  He  has  feen  animalcules 
appear  before  filaments,  he  has  feen  animal- 
cules in  infufions  which  never  produced  any 
filaments,  or  in  other  words,  any  mould,  and 
he  has  feen  filaments  where  there  were  no 
animalcules.  Befides  thefe  decifive  obferva- 
tions,  he  has  difcovered  the  fource  of  Need- 
ham’s errors.  Among  the  animalcules  of 
infufions,  there  is  a fpecies  diftinguilbed  by 
a long  filament  at  the  posterior  part  of  the 
body,  by  means  of  which  it  fixes,  itfelf  to 
the  fmall  vegetable  productions  ; this  fpecies 
is  multiplied  by  the  divifion  of  one  individual 
into  fever  al  others.  It  mull  likewife  be 
remarked,  that  among  microfcopical  ve- 
getables, there  are  fungufes  in  miniature. 
They  confili  of  a large  head  fupported 
by  a fender  llalk.  The  miftake,  there- 
fore, which  gave  rife  to  all  thefe  wild  ideas 
concerning  generation,  was  fufficiently  natu- 
ral. It  confilled  only  in  confounding  two 
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productions,  which,  though  they  are  To  ef- 
fentially  different,  do  not  ill  agree  in  out- 
ward appearance. 

The  various  ways  in  which  the  feveral 
fpecies  of  animalcules  are  multiplied,  are  a- 
mong  the  mod:  curious  phainomena  which 
the  microfcope  difcovers.  Some  divide  into 
equal  parts  -,  the  reader  will  have  a clear  con- 
ception of  this  mode  of  divifion,  if  he  will 
form. to  himfelf  the  idea  of  an  inflated  blad- 
der, with  a ligature  thrown  round  the  mid- 
dle of  it.  This  will  reprefent  the  firft  ap-^ 
pearance  of  divifion.  The  tranfverfe  furrow 
gradually  becomes  deeper  and  deeper,  and  at 
laffc  the  two  individuals  are  connected  only 
by  a point.  Then  an  unexpected  fcene  paffes 
before  the  eyes  of  the  fpectator.  The  other 
animalcules,  though  they  at  all  times  befides 
carefully  avoid  impinging  againft  each  other, 
now  rufh,  by  one  confent,  upon  the  place  of 
divifion,  and  the  afliftance  they  thus  afford, 
together  with  the  efforts  of  the  united  indi- 
viduals, at  laid  effects  a feparation.  This  ap- 
pearance of  focial  inflinct,  in  beings  placed 
at  fuch  a diftance  from  thofe  which  we  are 
mofl  accuflomed  to  contemplate,  will  perhaps 
feem  apocryphal  to  thofe  to  whom  I am 
writing,  fo  much  has  it  the  air  of  a tale  bor- 
rowed from  a defcription  of  fairy-land.  It 
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is  therefore  proper  to  inform  them,  that  it 
fhinds  amply  confirmed  by  the  teftimony  of 
other  naturalifs  of  veracity  equally  unfuf- 
pedted.  Nor  are  examples  wanting  of  a na- 
tural divifion  among  animals  more  eafily  ac- 
cefiible  to  the  fenfes. 

Some  fpecies  are  multiplied  by  a longitudi- 
nal divifion,  which  fometimes  begins  at  the 
fore  part  of  the  body,  and  fometimes  at  the 
hind  part.  Thus  far  the  divifion  is  equal  ; 
but  there  are  alfo  examples  of  inequality,  a 
finali  piece  only  being  detached  from  fome 
kinds.  i 

A fuperficial  ftrudture  between  two  glo- 
bules, may  in  fome  inftances  be  perceived. 
The  obferver  fuppofes  that  this  ftridture  will, 
as  before,  become  gradually  deeper,  till 
it  terminates  in  a point,  but  is  furprized  by 
an  inftantantaneous  leparation. 

Groups  confifting  of  four  or  five  globules, 
are  often  feen  to  float  for  fome  time  in  an  in- 
fufion,  and  afterwards  to  feparate  into  bodies, 
which  are  at  firfl  round,  but  in  time  are  fplit 
into  lobes,  that  feparate  in  the  fame  manner. 

There  is  another  mode  of  divifion  yet  more 
extraordinary.  Let  the  reader  imagine  a fphe- 
rical  body  formed  of  concentrical  firata,  of 
which  each  confifls  of  a number  of  ani- 
malcules. Thofe  which  compofe  the  fuper- 
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fidai  ftratum,  part  from  the  others,  and  fwim 
about  the  liquor.  The  next  in  fucceffion  do 
the  fame,  and  fo  on  till  the  fphere  is  decorra 
pofed. 

Thefe  are  not,  as  may  very  naturally  be 
imagined,  a duller  of  animalcules  that  unite 
and  feparate  at  will.  The  author’s  obfefva- 
tions  fufficiently  prove  the  contrary,  for  when 
he  kept  one  apart  from  the  reft,  he  found 
that  it  grew  in  three  or  four  days  to  a perfect 
refemblance  of  the  fphere  frotn  which  it 
fprang. 

Of  thefe  modes  of  multiplication,  it  may 
in  general  be  obferved,  that  they  are  for- 
warded by  heat,  and  retarded  by  cold.  The 
divifton  which  in  winter  requires  feveral 
hours,  is  in  fummer  effected  in  a quarter  of 
an  hour, 

The  inhabitants  of  infuftons  afford  ovipa- 
rous as  well  as  viviparous  individuals.  In 
all  multiplication  is  exceedingly  rapid.  A 
fingle  individual  foon  produces  an  offspring 
too  numerous  to  be  counted  ; and  the  quantity 
in  a Ihort  time  furpaftes  not  only  belief  but 
imagination.  “ Their  number,  fays  the  au- 
thor, exceeds  that  of  the  integrant  parts  of 
thq  fluid.  All  putrefying  fubftances,  and 
water  of  every  kind,  contain  prodigious  mul- 
titudes, Every  drop  is  peopled  with  myriads. 

Let 
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Let  the  reader  now  reflect  upon  the  quantity 
of  running,  ftagnating,  and  fait  water,  and 
then  let  him  try  to  conceive  the  number  of 
thefe  animals.’’ 

If  unfatisfied  curiofity  fhould  feek  to  pe- 
netrate yet  a ftep  further  into  the  origin  of 
animalcules,  the  experiments  of  Spallanzani 
will  fupply  the  means  of  gratification.  As 
the  phials  in  which  infufions  are  contained 
are  more  or  lefs  clofely  confined,  afmalleror 
larger  number  of  animalcules  appears  in 
them.  Hence  it  is  probable,  that  the  at- 
mofphere  is  the  mighty  magazine  in  which 
Nature  has  repofited  her  immenfe  ftores  of 
the  germs  of  thefe  diminutive  beings. 

The  manner  and  variety  of  their  move- 
ments deferve  likewife  to  be  noticed.  Some, 
like  eels,  proceed  by  the  contortion  of  their 
bodies  ; points  and  filaments  growing  out  of 
the  body  are  the  means  by  which  others  are 
enabled  to  advance.  Some  move  llowly, 
others  with  a fwift  pace.  Several  fpecies  are 
diftinguifhed  from  all  other  productions  of 
creative  wifdom,  by  being  unacquainted  with 
repofe.  In  one  fpecies  certain  filaments  placed 
at  the  pofierior  part  of  the  body,  by  being 
alternately  bent,  and  fuddenly  made  flreight 
again,  project  the  animal  to  a great  diftance, 
as  an  arrow  is  fhot  from  a bow.  Some  con- 
tinually 
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tinually  revolve  like  tops  upon  their  own 
axis,  but  this  rotatory  motion  is  attended 
with  a progreflive  one. 

The  means  by  which  they  fuftain  life,  are 
not  the  lead:  engaging  part  of  their  hiftory. 
Some  excite  an  eddy  by  moving  rapidly  the 
filaments  that  are  placed  round  the  opening 
of  the  mouth,  and  thus  draw  towards  them 
the  particles  of  food  that  float  in  the  liquor. 
Others,  with  all  the  ferocioufnefs  of  rapa- 
cious animals,  purfue  their  weaker  fellows. 
In  thefe,  which  may  be  termed  animalcules 
of  prey,  it  is  pleafant  to  behold  the  repofe 
that  follows  fatiety,  and  the  exertions  that 
are  excited  by  hunger. 

This  fketch  fhews,  with  fufficient  evi- 
dence, the  falfehood  of  the  principles  upon 
which  Needham  has  conftru&ed  his  fyftem  of 
generation.  The  animalcules  of  infufions 
neither  fpring  from  vegetables,  nor  can  they 
be  confidered  as  other  than-real  animals. 

Having  atchieved  the  overthrow  of  Need- 
ham, Spallanzani  proceeds  to  encounter  a 
more  formidable  antagonift.  Buffon,  whole 
fkill  in  compofition  has  refcued  the  French 
language  from  the  imputation  of  feeblenefs 
and  want  of  nerves,  has  founded  a theory  of 
generation  on  the  corpufcles,  which  the  mi- 
crofcope  dife overs  in  the  feminal  fluid.  This 
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fluid  he  affirms  to  be  at  firfi  full  of  ramified 
filaments,  which,  after  a certain  interval, 
burli  and  emit  a number  of  finali  oval  bodies, 
attached  to  the  filaments  by  a long  thread. 
After  l'ome  ofcillations  they  liberate  them- 
felves  and  move  about,  though  but  llowly, 
on  account  of  the  incumbrance  of  the  long 
thread  or  tail  which  they  are  obliged  to  drag 
after  them.  They  afterwards  lofe  this  thread, 
and  then  their  motions  become  quicker. 
Some  feem  to  change  their  lhape  and  fize,  and 
then  alfo  the  velocity  of  their  movements  grows 
gradually  greater.  The  obferver  frequently  fees 
the  oval  changed  into  the  globular  figure, 
and  one  corpufcle  divided  into  two.  Such 
are  the  obfervations  from  which  the  French 
naturali!!  concludes  that  thefe  corpufcles  are 
not  real  animals.  The  lofs  of  their  tail,  the 
change  of  their  figure,  their  formation  under 
the  eye  of  the  obferver,  their  divifion  and 
gradual  diminution  of  bulk,  are  circum- 
fiances  which,  in  his  opinion,  concur  to  ex- 
clude them  from  the  animal  kingdom.  But 
as  they  have  an  innate  power  of  motion,  and 
Ihew  ligns  of  vitality,  he  on  the  other  hand 
feparates  them  from  inanimate  matter,  and 
creates  a particular  order  of  exifiences,  under 
the  title  of  organic  molecules.  To  thefe  mole- 
cules. 
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cules  caff  in  certain  internal  moulds,  he  at- 
tributes the  formation  of  all  animated  beings. 

But  this  theory  can  no  longer  fu  b fi  ft  with- 
out other  proofs,  for  Spallanzani  has  taken 
irom  it  all  the  fupport  it  received  from  the 
inhabitants  of  the  feminal  liquor.  His  ob- 
fervations  on  this  fubjeCt,  bear  fo  clofe  a 
refemblance  with  thofe  on  the  animalcules  of 
infuftons,  that  I (hall  forbear  entering  into 
a particular  account  of  them.  He  has 
brought  irrefragable  proofs  that  they  do  not 
fpring  from  filaments,  that  they  never  lofe 
their  tails,  and  that  their  fize  does  not  di- 
minish or  their  activity  increafe  in  a regular 
progreffion.  He  has  fhewn,  by  comparing 
their  properties  with  the  properties  of  other 
animals,  that  they  have  an  indifputable  right 
to  be  ranked  among  the  productions  of  the 
animal  kingdom.  Buffon  defcribes  them  as 
furviving  feveral  days  after  they  have  been 
expofed  to  the  influence  of  the  air,  but  Spal- 
lanzani always  found  that  they  died  in  a few 
hpurs.  1 

Concerning  narrations  thus  contradictory, 
the  determination  of  naturalifts  would  be 
different,  and  each  would  become  a partizan 
of  the  French  cr  Italian  philofopher,  ac- 
cording to  his  opinion  of  the  veracity  and 
Ikill  in  obfervation  of  the  one  or  the  other, 
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if  the  latter  had  not  diffipated  every  doubt* 
by  expofing  the  origin  of  the  other’s  mif- 


takes. 

When  the  feed  has  been  taken  from  its  re- 
ceptacles, and  the  fpermatic  worms  have  lived 
the  fhort  f pace  afterwards  allotted  to  them,  this 
fluid,  like  every  other  animal  fubfdance,  ac- 
quires new  properties,  andlofes  thofe  which  it 
before  had.  A new  race  of  inhabitants  fuc- 
ceeds  fooner  or  later  with  a fhape,  ftrudture, 
and  movements,  totally  different  from  thofe 
of  the  frit,  but  agreeing  with  the  form, 
which,  according  to  Buffon,  the  organic 
moleclues  affume.  Agreeably  too  with  his 
defcription,  the  feveral  fucceflions  become 
gradually  fmaller,  till  at  lad  the  eye  of  the 
obferver  lofes  them  in  indifcernablelittlenefs. 
Thefe  occupiers  of  corrupted  femen,  are  in 
no  refpedt  different  from  the  animalcules  of 
infufions,  but  from  the  fpermatic  worms  they 
are  feparated  by  every  mark  which  can  enter 
into  the  defcription  of  the  naturalid.  The 
drudture,  the  fhape,  the  manner  and  velocity 
of  motion,  the  place  of  refidence,  the  effects 
of  air,  afford  fo  many  difcriminative  figns. 

Before  thefe  experiments,  the  theory  of 
Buffon  vanifhes  as  an  enchanted  cadde  at  the 
approach  of  the  dedined  knight.  But  it  is 
pleafing  to  obferve,  that  while  they  fhew  the 
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falfehood  of  his  fydem,  and  the  inaccuracy 
of  his  obfervations,  they  are  favourable  to 
his  veracity.  In  his  defcriptions  truth  is  fo 
entangled  with  error,  as  to  fhew  that  his 
judgment,  and  not  his  intention,  was  in 
fault.  A fufpicion,  not  perhaps  defritute  of 
plaufibility,  has  been  fuggeded,  that  he  had 
feen  the  organic  molecules  with  no  other 
eyes  than  thofe  of  the  imagination.  I there- 
fore experience  no  common  fatisfadtion,  while 
I bear  this  tedimony  to  the  character  of  that 
fublime  and  original  genius,  who,  by  paint- 
ing the  works  of  God  in  colours  worthy 
their  variety,  their  beauty  and  their  grandeur, 
has  rendered  the  Hidory  of  Nature  more  al- 
luring than  the  fidtions  of  poetry. 

If  I may  be  allowed  to  introduce  an  inci- 
dental remark,  I would  turn  the  attention 
of  the  reader  to  the  difficulty,  under  which 
the  mod:  ardent  imagination  mud  labour, 
when  it  attempts  to  conceive  the  production 
of  organized  bodies,  without  the  aid  of  fome 
pre-exiding  caufe,  not  eden  dally  unlike 
germs.  In  whatever  proportion  the  feveral 
forms  of  matter  are  combined,  2nd  in  what- 
ever manner  the  powers  which  Chemidry 
chiefly  difcovers  that  they  pofiefs,  are  fup- 
pofed  to  exert  themfelves,  yet  when  a mind, 
neither  influenced  by  the  love  of  paradoxical 

opinions. 
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opinions,  nor  a&uated  by  the  delire  of  con- 
tradiction, tries  to  imagine  how  an  animal 
can  be  formed  from  fuch  materials  arranged 
by  fuch  caufes,  it  turns  alide  from  the  fpe- 
c illation  in  hopelefs  defpondency.  When 
Buffon  fubftitutes  his  organic  molecules  and 
internal  moulds,  he  unluckily  propofes  a 
theory  encumbered  with  all  the  difficulties 
attending  the  hypothecs  of  germs,  but  def- 
titute  of  its  advantages. 

In  Spallanzani's  experiments  on  the  effedts 
of  confined  air,  his  ufual  accuracy  may  be 
recognized  ; but  that  originality  of  concep- 
tion, which  diflinguilhes  his  other  works, 
is  not  fo  linking  in  this  elfay.  The  public 
attention,  at  leali,  has  been  fo  much  turned 
towards  elallic  fluids,  fo  much  has  been  writ- 
ten concerning  the  effedls  of  vitiated  com- 
mon air,  and  the  feveral  fpecies  of  gas  upon 
animal  and  vegetable  life,  that  an  analylis  of 
thefe  experiments  would  be  a repetition  of 
what  is  to  be  found  in  a vail  variety  of  publi- 
cations. I will  only  obferve,  that  he  attri- 
butes the  death  of  animals,  kept  in  un- 
changed air,  to  exhalations  aCling  on  the  ner- 
vous fyllem.  If  he  is  acquainted  with  the 
writings  of  Prieftly,  he  will  probably  have 
found  reafon  to  give  his  hypothecs  a modi- 
fication fomewhat  different. 
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Certain  animals,  which  lofe  every  property 
and  appearance  that  diftinguifh  them  from 
inorganic  matter,  and  recover  the  exercife  of 
their  functions,  have  drawn  the  regard  of 
Spallanzani.  To  the  information  afforded  by 
Leuwenhoeck,  concerning  the  rotifer,  he  has 
added  many  curious  particulars.  He  has 
difcovered  fome  new  fpecies  endowed  with 
this  remarkable  property.  He  has  fhewn, 
that  though  they  may  be  refufcitated  after  a 
long  ceffation  of  the  powers  of  life,  and  a 
certain  number  of  times,  yet  thefe  qualities 
have  their  limits  ; nor  does  immortality  be- 
long to  thefe  extraordinary  productions  of 
Nature,  any  more  than  to  other  created 
beings.  He  has  defcribed  the  phenomena, 
the  lofs  and  recovery  of  vitality,  with  mi- 
nutenefs  and  precifion. 

The  chief  aim  of  the  experiments  on 
moulds,  is  to  trace  the  origin  of  that  minute 
vegetable.  It  had  been  rendered  probable 
by  Micheli,  the  famous  botanift  of  Florence, 
that  mould  is  propagated  by  granules,  fhed 
in  great  abundance  from  the  burfting  heads 
of  the  plant.  Againft  this  opinion,  Mof- 
cati  advanced  fome  very  fpecious  objections  ; 
and  upon  the  whole  concluded,  that  mould 
is  the  produce  of  fpontaneous  generation. 
But  Spallanzani  has  determined  the  contro- 
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verfy  in  favour  of  the  Florentine  naturali!!, 
by  many  well-imagined  and  well-executed 
experiments  ; fo  that  both  microfcopical  ani- 
mals and  vegetables  agree  in  their  origin  with 
thofe  that  have  been  conftruded  upon  a larger 
model. 

In  the  works  which  have  fupplied  me  with 
the  foregoing  obfervations,  there  are  feveral 
incidental  difquifitions,  which  will  amply 
reward  the  attention  of  the  reader.  But  I 
mud:  omit  them,  left  this  preface  fhould  be 
extended  beyond  all  bounds,  There  is, 
however,  one  digreflion  fo  interefting  in  it- 
felf,  and  at  the  fame  time  fo  charaderiftic  of 
the  genius  of  the  author,  that  I am  tempted 
to  produce  it  here. 

Among  the  phenomena  recorded  in  Natu- 
ral Hiftory,  I recoiled:  none  more  extraordi- 
nary, than  that  ftate  of  torpor  into  which 
many  animals  fall  at  the  fettingin  of  the  cold 
feafon.  By  what  means  this  great  change  is 
produced,  whether  the  fluids  are  rendered  un- 
fit for  circulation,  whether  the  nerves  are  de- 
prived of  their  influence,  or  whether  the 
mufcular  fibre  is  no  longer  fufceptible  of  that 
influence,  philofophers  have  not,  till  very 
lately,  thought  of  enquiring.  The  great 
claftical  writer  of  France,  the  illuftricus 
Buffon,  firft  inveftigated  thi$  curious  topic 
Vol.I,  b of 
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of  comparative  phyftology.  He  confided 
the  temporary  ceffation  of  the  powers  of  life, 
as  arifing  from  the  refrigeration  pf  the  blood. 
From  Leverai  thermornetrical  obfervations  he 
concludes,  that  the  temperature  of  thefe  ani- 
mals is  equal  to  that  of  the  atmofphere,  and 
regulated  by  it.  But  the  Italian  Brofeffor, 
having  repeated  thefe  obfervations  with  his 
habitual  accuracy,  found,  that  the  fubjedts  of 
JBufFon’s  experiments  are  not  to  be  numbered 
among  animals  of  cold  blood.  In  their  mouths 
he  has  feen  the  liquor  of  the  thermometer 
rife  to  the  ioift  degree,  at  a time  when  in 
the  open  air  it  flood  at  35^  or  36°.  But  the 
genius  of  Spallanzani  did  not  reft  here.  By 
an  experiment  which  alone  would  have  raifed 
its  inventor  to  an  high  rank  among  Natural- 
ists, he  at  once  compleated  the  overthrow  of 
Button’s  theory,  and  ascertained,  at  leali  with 
great  appearance  of  probability,  the  caufe  of 
the  phenomenon.  The  tenacity  of  life  by 
which  frogs,  toads,  and  other  amphibious 
animals  are  diftinguifhed,  is  fufhciently 
known.  The  heart  of  thefe  animals  may  be 
cut  out,  not  only  without  immediately  de- 
ftroyirig  them,  but  without  retarding  the 
exercife  of  their  functions,  or  impairing  the 
vivacity  of  their  movements.  Taking  ad- 
vantage of  this  lingular  property,  the  author 
• 4 evacuated 
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evacuated  the  veffels  of  .feveral  frogs,,  newts, 
and  toads. -'  He  then  buried  them  in  inow  ; 
the  expected  effect  followed,  and  they,  foon 
became,  torpid.  Beings  expofed  in  this  flate 
fo  a proper  temperature,  the  fufpenfion  of 
life  was  fucceeded  by  a complete  recovery  of 
tfie  uf?  of  „ their  vital,  organs  : infomuch  that 
there  did- not  appear  to  be  any  difference  be- 
tween thofe  which  had  fuflained  the  lofs  of 
their  fluids,  and  thofe  which  were  fubjeCted 
to  the  experiment  unhurt  and  entire: '/The 
caufe,  therefore,  of  this  lethargy,  is  not  con- 
nected with  any  condition  of  the  blood;  it 
feems  to  depend  on  the  privation  of  the  irri- 
tability of  the  mufcular  fibre  : Spallanzani 
at  leafl:  pbferved,  that  no  flimulants,  not  even 
the  eledtrical  fluid  itfelf,  produced  the  fm<flleff 
contraction  of  the  mufcles. 

I am  aware,  that  this  enumeration  of  the 
productions  of  Spallanzani  is  imperfeCt  ; 1 
have  purpofely  omitted  a tranflation  of  the 
Contemplation  de  la  Nature , and  fome  jQxtaller 
pieces,  fuch  as  feveral  articles  in  the  Pro- 
fpeCtns,  o£  the  Sieqpefe  Encyclopedia.  Not- 
v^ith  flan  flip  g.  the  .freedom  of  modern  inter- 
conrfe  between  different  nations,  and  the  ad- 
vantages of  commerce,  foreign  booh?  are  not 
fo  regularly  imported  into  this  kingdom,  but 
that  fome  original  and  important  work  may 
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have  efcaped  my  enquiries.  But  the  rudd. 
Lketch  which  I have  exhibited,  will,  I hope, 
fuldhmy  widies,  and  induce  thofe  who  have 
no  better  means  of  information  concerning 
the  worth  of  this  dillinguifhed  philofopher, 
to  hear  him  with  refpedt  and  attention. 

Of  the  following  work,  it  is  not  neceffary 
to  attempt  an  analyfis.  Its  importance  can- 
not fail  to  ftrike  the  mod:  carelefs  obferver. 
in  the  fird:  volume,  we  have  a complete  hif- 
tory  of  one  of  the  chief  functions  of  the 
body.  The  fecond  diffipates  much  of  the 
darknefs  that  has  brooded  for  fo  many  ages 
over  the  procefs  of  generation.  When,  how- 
ever, I view  thefe  lplendid  difcoveries  in  their 
blighted;  light,  when  I confider  them  in  their 
relation  to  the  art,  of  which  the  objedt  is  the 
health  of  mankind,  I cannot-  but  own  with 
regret,  that  they  have  rather  a negative  than 
a podtive  merit.  Like  other  great  advances 
in  phyfiology,  they  fervè  rather  to  extirpate 
error,  than  to  afford  materials  of  very  high 
value  for  the  true  theory  of  medicine. 

In  executing  the  following  trandation,  my 
principal  aim  was  to  give  thè  precide  meaning 
of  the  Author.  My  fecondary  objedt  was,  to 
preferve  urifullied  the  purity  of  my  native 
language.  " 
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The  firft  of  thefe  intentions,  I hope,  I 
have  fulfilled  ; and  I may,  I think,  venture 
to  affure  the  reader,  that  he  may  conlider  the 
following  work  as  the  genuine  reprefentaticn 
of  the  original.  It  may,  however,  be  ne- 
ceffary  to  apprize  thofe,  who  filali  compare 
the  Englifh  with  the  Italian,  that  I was  com- 
pelled, however  reluctantly,  to  take  fome 
liberties  with  the  authors  phrafeology.  His 
delire  of  being  perfpicuous,  has  fometimes 
led  him  into  diffufenefs.  There  occur  too 
frequently  expreflions  which  clog  the  fen- 
tence,  without  introducing  any  new  idea,  or 
illultrating  any  propolition  already  advanced. 

This  defeCt  did  not  fail  to  Itrike  me  on  the 
firlt  perufal  of  the  Dilfertations.  But,  per- 
fuaded  that  the  tranllators  of  books  of  fcience 
and  of  polite  literature,  ought  to  hold  very 
different  objeCts  in  view,  that  exaCtnefs  is  the 
bufinefs  of  the  one  and  elegance  of  the  other, 
I tranflated  the  firfl  differtation  very  clofely. 
But  when  I came  to  confider  my  attempt,  I im- 
mediately perceived,  that  the  ear  of  no  reader 
would  tolerate  it  ; and  fome  judicious  friends 
concurring  with  me  in  opinion,  I threw  it 
alide,  and  began  the  work  again,  with  a de- 
termination to  prune  this  ufelefs  luxuriance. 
I had  performed  more  than  half  my  talk,  be- 
fore I met  with  a pallage  in  a judicious  au- 
thor. 
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thor,  which  at  once  confirms  my  ideas,  and 
juftifies  the  freedoms  I have  taken,  Mr. 
Bonnet,  in  a letter  to  Spallanzani  himfelf, 
ufes  the  following  terms.  “ Vous-etes,  en 
general,  tres^-clair  & très-méthodique.  Je 
vous  exhorterai  feulement  à vous  refferrer  un 
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peu  plus  dans  certaines  defcriptions,  où  vous 
employez  plus  de  mots,  qu’il  n’en  eft  befoin. 
Evitez  encore  les  pléonafmes  & les  fynoni- 
mes  : ils  n’ajoutent  rien  à l’idee  (a). 

That  I have  attained  my  other  purpofe  I 
dare  not  affirm.  When  the  mind  is  moulded 
to  the  idiom  of  one  language,  it  cannot  im- 
mediately receive  a new  impreffion  without 
retaining  fonie  traces  of  the  former.  On 
this  account,  it  may  fafely  be  afferted,  that 
tranfiation,  as  far  as  mere  expreffion  is  con- 
cerned, is  the  moft  difficult  fipecies  of  com- 
pofition.  When  I read  what  has  been  printed 
for  fome  time,  I eafily  perceive,  that  many 

r 

phrafes  might  be  made  neater  and  ftnoother, 
though  not  perhaps  more  perfpicuous,  which 
I confider  as  the  chief  excellence  of  a work 
of  this  kind. 

-,  r'  . - ]\i  ~~  ~ r*4-.  tO  ^ ■*”'  ^ 

That  I might  the  more  effectually  recom- 
mend my  tranfiation*  I have  added  fome 
things,  which  are  not  to  be  found,  in  the 
original. 

{ a } ^tEuvres  ed.  in  3vo.  tom.  XI.  p.  322. 
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The  experiments  of  Dr.  Stevens  will 
doubtlefs  be  well  received.  Such  academical 
productions  are  feldom  very  widely  diftufed, 
and  I have  heard  many  wifh  for  a perufal  of 
them.  I have  not  tranflated  the  whole  dif- 

* . •rrl  ’ ' - / 

fertation,  for  the  former  part  did  not  itrike 
me  as  new,  or  peculiarly  excellent.  I will 
pot,  by  pointing  out  the  circumftances,  in 
which  they  agree  or  difagree  with  thofe  of 
Spallanzani,  deprive  the  reader  of  an  amufing 
employment. 

If  Mr.  Hunter's  elfay  had  been  more  re- 
motely connected  with  the  fubjeCt  of  the 
firft  Volume,  I would  have  caufed  it  to  be 

■*  ■{.  i ...  3 

reprinted.  It  contains  fo  many  ufeful  views, 
it  is  fo  pregnant  with  the  feeds  of  future  dis- 
coveries in  phyfiology,  that  the  attention  can- 
not be  too  often  directed  to  it. 

The  papers  of  Mr.  Demours  and  Mr.  De- 
braw  Will,  I hope,  be  read  with  pleafure  at 
the  end  of  the  fecond  Volume.  They  are  in 

themfelves  curious,  and  bear  a near  relation 

, " \-n  ; ...• 

to  the  contents. 

It  was  my  defign  to  have  annexed  a tranfla- 
tion  of  Reaumur’s  Memoirs  on  Digeltion  ; 
but  I found,  that  the  very  ample  account 
given  of  them  by  the  author,  was  quite  fuf- 
ficientfoVthe  information  of  the  reader. 

. J / • !\  * * . ' 
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That  nothing  might  be  wanting,  which  it 
was  in  my  power  to  fupply,  I have  tranflated 
the  feveral  Latin,  French,  and  Italian  paf- 
fages,  which  it  feemed  proper  to  retain  in 
the  text. 


I N T R O- 
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ÌN  the  courfe  of  my  public  demonstrations 
in  the  year  1777,  I repeated  in  the  pre- 
fence of  my  hearers  thofe  celebrated  experi- 
ments of  the  Academy  of  Cimento,  that  fhew 
the  aftonifhirig  force  with  which  the  ftomachs 
of  fowl's  and  ducks  pulverize  empty  globules 
òf  glafs  in  the  fpace  of  a few  hours.  Finding 
them  perfectly  exadt,  I conceived  the  dehgn 
of  extending  them  to  fome  other  individuals 
of  that  clafs  of  birds  which  have  been  termed 
birds  with  mufcular  Jiomachs  or  gizzards. 
Such  were  the  hi-fi  lines  of  an  undertaking, 
of  which  till  that  time  I had  never  entertained 
the  fmallefl  idea,  and  which  afterwards  in- 
creafed  in  proportion  to  the  increafe  of  my 
curiofity  concerning  a fubjedt  of  fo  much 
beauty  and  utility  as  the  important  fundtion 
of  Digefiion.  Hence  from  animals  with 
mufcular,  I was  induced  to  proceed  to  thofe 
with  intermediate,  and  from  thefe  to  animals- 
VoL;  I.  B with 
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with  membranous  ftomachs  (a).  Thus  I 
enjoyed  the  pleafure  of  extending  my  re- 
fearches  to  the  principal  clalfes  of  animals, 
not  negleCting  Man,  the  nobled:  and  mod: 
Interefting  of  all.  But  thefe  phyfiological 
refearches  laid  me  under  the  neceffity  of  ex- 
amining the  mod:  celebrated  fyftems  con- 
cerning Digeftion,  and  of  enquiring  whether 
it  is  effected  by  trituration,  by  a folvent,  by 
fermentation,  or  by  an  incipient  putrefaction  : 
or  whether,  according  to  the  opinion  of  the 
great  Boerhaave,  it  rather  depends  upon  all 
thefe  caufes  operating  in  conjunction.  Thus 
I was  obliged  to  enter  anew  upon  a question 
of  very  ancient  date,  and  though  difcuffed 
at  great  length  by  many  phyfiologifts,  yet 
not  in  my  opinion  fufficiently  elucidated  ; 
lince  mod;  writers  have  chofen  to  follow  the 
deludve  invitation  of  theory  and  hypothedsr 
rather  than  the  unerring  direction  of  decidve 
experiments.  The  impartial  and  judicious 
reader,  when  he  diali  have  perufed  the  pre- 
fent  eday,  will  be  able  to  determine,  whether 
what  I albert,  is  true  or  falde. 

(a)  The  I,  LVIII,  and  CIV  paragraphs  will  explain 
what  is  meant  by  birds  with  mufcular,  intermediate,  and 
membranous  ftomachs. 
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CONCERNING 
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On  the  digestion  of  animals  with 

MUSCULAR  STOMACHS,  COMMON  FOWLS* 
TURKEYS,  DUCKS,  GEESE,  DOVES,  PI- 
GEONS; 

I.  TpHOUGH  there  perhaps  exifts  no- 
X animal,  of  which  the  ftomach  is  not 
furnifhed  with  mufcles,  yet  there  is  a lingu- 
lar clafs,  juftly  denominated  by  feveral  natu- 
ral ills  animals  with  mufcular  ftomachs > linee 
'that  vilcus  is  provided  in  a remarkable  man- 
ner with  very  large  and  powerful  mufcles. 
To  this  clafs  belong  fowls,  ducks,  pigeons, 
geefe,  partridges,  &c.  So  great  is  the  ftrength 
of  thefe  mufcles,  that  many  have  imagined 
that  they  produce  digeftion  by  adding  violent- 
ly upon  the  contents  of  the  ftomach,  and 
breaking  down  and  reducing  them  to  a pul- 
taceous  mafs,  in  no  refpedt  differing  from 
, B 2 imperfebt 
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imperfect  chyle.  This  notion  was  afterwards 
applied  to  other  animals*  nòr  was  man  him- 
lelf  exempted;  and  it  has  been  pretended, 
that  digeftion  is  univerfally  owing  to  the 
alternate  adtion  of  the  mufcles  of  the  ftomach, 
or,  as  it  has  been  termed,  to  trituration . 

II.  Now,  to  confine  ourfelves  to  animals 
with  mufcularftomachs,  there  was  little  diffi- 
culty in  deviling  the  means  of  determining 
whether  the  comminution  and  folutiort  of 
food  is  effedted  by  the  gaftric  mufcles.  Such 
means  have  been  invented  and  fuccefsfully 
applied  by  Reaumur.  Let  feveral  animals 
refembling  each  other  in  ftrudtufe,  fays  that 
great  naturali!!:  in  his  two  excellent  memoirs 
on  this  fubjedt,  of  which  I lhall  make  fre- 
quent ufe  in  the  fequel,  be  obliged  to  fwallow 
metallic  tubes  open  at  both  ends,  and  filled 
with  fome  of  their  natural  food,  as  grains  of 
the  Cere  alia  when  gallinaceous  fowls  are 
the  fubjedts  of  our  experiments.  Should 
thefe  grains,  after  they  have  remained  a cer- 
tain time  in  the  ftomach,  be  broken  down 
and  decompofed,  we  mu  ft  affi  gn  a diffolving 
liquor  as  the  caufe  of  the  phenomenon,  fince 
the  tides  of  the  metallic  tubes  muff  have  been 
an  infuperable  obftacle  to  the  exertions  of  the 
gaftric  mufcles  upon  the  contents  ; but  if 
they  fhouid  be  retrieved  in  a found  and  entire 
ftatè,  it  muff  be  acknowledged,  that  in  thefe 
animals  digeftion  does  not  depend  on  a l'ol- 
vent,  but  on  mufcular  adtion.  Such  were 
the  means  employed  by  this  fagacious  natu- 
ralift. In  fome  metallic  tubes  perforated  at 
each  end  he  enclofed  grains  of4  barley,  and 
obliged  common  fowls,  turkies,  and  ducks, 
to  fwallow  them.  Several  hours  afterwards 
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the  animals  were  killed,  and  the  tubes  taken 
out  of  the  ftomach,  but  the  barley  was  found 
quite  entire;  whence  he  inferred,  that  in 
birds  of  the  gallinaceous  clafs  the  food  is  not 
broken  down  by  a folvent,  but  by  ftrong  muf- 
cular  adlion. 

III.  This  experiment  is  highly  favourable 
to  the  dottrine  of  trituration;  yeti  think  it 
would  have  been  much  more  conclufive,  if 
the  fame  refult  had  been  obtained  from  other 
individuals  of  this  clafs,  and  if  befides  bar- 
ley, other  grains  upon  which  they  naturally 
feed,  fuch  as  wheat,  maize,  rye,  chick -peafe, 
&c.  had  been  employed.  I therefore  refolved 
to  put  each  of  thefe  feeds  to  the  teff  of  expe- 
riment in  the  following  manner.  I procured 
fome  tin  tubes  eight  lines  in  length  and  four 
in  diameter,  and  inclofed  in  each  a number 
of  the  feeds  juft  mentioned  inverfely  propor- 
tional to  their  fize.  The  ends  of  the  tube 
were  left  open,  but  iron  wires  were  made  to 
pafs  before  them,  fo  as  to  crofs  each  other, 
and  form  a kind  of  lattice-work.  Common 
fowls  were  the  firft  fubjedts  of  my  experi- 
ments : I forced  fome  of  the  tubes  into  the 
ftomach,  conducing  them  with  my  fore- 
finger and  thumb  through  the  oefophagus, 
till  I was  certain  they  wrere  in  the  cavity  of 
that  vifcus.  When  this  operation  is  properly 
performed,  neither  fowls  nor  other  an i-ijaals 
luftain  any  injury.  In  twenty-four  hours  the 
tubes. were  taken  out,  and  the  contents  upon 
examination  appeared  to  be  unaltered  : even 
the  colour  and  tafte  were  unchanged,  if  we 
except  a flight  bitter  flavour  which  they  had 
acquired.  They  had  imbibed  a fluid,  and  were 
a little  fwoln.  And  the  lame  feeds  inclofed  in 
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tubes,  and  left  in  the  ftomach  two  and  even 
three  days,  underwent  no  greater  change. 

IV.  Sometimes,  after  having  forced  the  tubes 
full  of  grains  into  the  ftomach,  I immediately 
introduced  fome  of  the  fame  grains  loofe. 
The  latter  were  broken  down  in  a few  hours, 
but  the  former  remained  entire. 

V.  The  food  taken  fpontaneoufty  by  thefe 
birds  does  not  pafs  immediately  into  the  fto- 
mach, but  flops  for  fome  time  in  the  crop, 
where  it  is  macerated,  and  becomes  fofter. 
Is  fuch  a previous  maceration  necelTary  before 
it  can  be  dift'olved  within  the  tubes  ? This 
circumftance  feemed  to  deferve  attention.  I 
therefore  repeated  the  foregoing  experiments 
with  feeds  taken  from  the  crop  of  a fowl, 
after  they  had  undergone  a complete  macera- 
tion. Notwithftanding  this  preparation,  they 
underwent  no  change  within  the  tubes. 

VI.  From  thefe  refults  it  was  eafy  to  predi  (ft, 
that  no  new  appearance  would  occur,  if  the 
fkin  fhould  be  taken  off,  as,  it  really  happen- 
ed. It  is  proper  to  add,  that  other  grains 
treated  in  the  fame  manner  were  not  dift'olved. 

VII.  The  mode  hitherto  pradtifed  of  uftng 
tubes  open  at  both  ends,  at  which  the  gaftric 
fluid  was  certainly  at  liberty  to  enter,  is  that 
of  Reaumur.  But  this  fluid  having  no  other 
accels,  cannot  exert  its  acftion  on  the  inclofed 
grains  fo  powerfully  as  when  they  are  loofe 
in  the  ftomach,  as  Reaumur  ingenuoufly  con- 
fefles.  To  obviate  this  incovenience  in  fome 
meafure,  I had  the  fides  perforated  with  a 
great  number  of  holes.  I had  moreover  re- 
courfe  to  another  expedient.  I employed  hol- 
low globules  of  brafs  half  an  inch  in  diame- 
ter, and  pierced  like  a lieve,  which  I could 
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open  and  fliut  at  pleafure  by  means  of  a fcrew 
worked  upon  the  edge  of  the  two  hemi- 
spheres, into  which  each  globule  was  divili- 
ble.  With  thefe  new  tubes  and  fpherules  I 
repeated  the  preceding  experiments,  not  only 
upon  common  fowls,  but  upon  ducks,  tur- 
keys, geefe,  doves,  and  pigeons:  and  as  a larger 
quantity  of  liquor  could  now  find  its  way  to  the 
inclofed  fubftances,  they  were  more  thorough- 
ly foaked,  and  had  acquired  a bitterer  tafte 
(III)  ■;  but  I could  never  perceive  the  flighted: 
token  of  folution,  though  they  continued  a 
long  time  in  the  ftomach. 

VIII.  Thefe  facts  furnifh  an  irrefragable 
proof,  that  the  trituration  of  feeds  in  the  fto- 
mach  of  granivorous  birds,  is  folely  owing  to 
ftrong  predai  re  and  repeated  and  violent  per- 
cuffions:  effects  produced  by  the  powerful 
mufcles  with  which  that  organ  is  provided. 

IX.  The  contents  of  the  ftomach  are  fo  vio- 
lently agitated  as  to  be  driven  in  at  the  open 
ends  and  through  the  holes  of  the  tubes  and 
fpherules,  which  occafions  fome  confufion. 
Hence  I have  frequently  found  it  of  fervice 
to  introduce  thefe  receivers  when  the  ftomach 
is  empty,  and  to  keep  the  animal  failing  dur- 
ing the  whole  time  of  the  experiment. 

X.  The  ftrong  percuftion  of  the  ftomach 
renders  another  precaution  highly  neceftary. 
The  thicknefs  of  the  tubes  and  fpherules  fhould 
be  confiderable,  otherwife  the  obferver,  when 
he  takes  them  out  of  the  ftomach,  will  find 
them  broken,  crufhed,  or  diftorted  in  a moft 
lingular  manner,  if  they  have  been  long  re- 
tained. Reaumur  mentions  feveral  accidents 
of  this  fort  (a)  -,  and  I have  feen  inftances 

[a)  In  the  Memoir  quoted  above. 
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without  number  of  fuch  contufions,  one  of 
which  I cannot  forbear  relating  here.  Hav- 
ing found  that  the  tin  tubes  which  I ufed  for 
common  fowls  were  incapable  of  refilling  the 
ftomach  of  turkeys,  and  not  happening  at 
that  time  to  be  provided  with  any  tin  plate  of 
greater  thicknefs,  I tried  to  ftrengthen  them 
by  foldering  to  the  ends  two  circular  plates 
of  the  fame  metal,  perforated  only  with  a few 
holes  for  the  admifiioh  of  the  gaftric  fluid. 
But  this  contrivance  was  ineffectual;  for  after 
the  tubes  had  been  twenty  hours  in  the  llo- 
mach  of  a turkey,  the  circular  plates  were 
driven  in,  and  fome  of  the  tubes  were  broken; 
fome  comprefled,  and  fome  diftorted  in  the 
moft  irregular  manner. 

XL  I then  tried  the  following  means  of  pre- 
venting this  inconvenience.  Having  perfo- 
rated the  circular  laminae  in  the  center,  I 
paffed  an  iron  wire  through  the  holes,  and 
bound  it  tight  round  the  outlide  of  the  tubes  ; 
when  the  two  ends  met,  they  were  twilled 
together.  And  now  though  the  foldering 
fhould  be  dellroyed,  yet  this  contrivance 
would  prevent  the  circular  lamina?  from  re- 
ceding from  the  ends  of  the  tube,  unlefs  the 
wire  palling  through  them  Ihould  be  broken. 
Ì prepared  four  tubes  in  this  manner,  and 
gave  them  to  a turkey  fix  months  old.  After 
they  had  remained  a whole  day  in  the  llo- 
mach,  I killed  the  animal  ; and  my  aflonilh- 
ment  was  extreme  at  finding  that  the  tubes, 
in  fpite  of  my  expedient,  were  very  much 
damaged.  All  the  iron  wires  were  broken, 
two  where  they  were  twilled,  and  the  two 
ethers  at  their  entrance  into  the  tubes:  the 
lamina:,  fo  far  from  remaining  foldered  to  the 
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tubes,  were  found  among#  the  food  ; they 
were  not  flat  as  at  fir#,  but  fome  were  bent 
fo  as  to  form  an  angle,  fome  curved,  and  in 
others,  one  part  was  prefled  clofe  to  the  other. 
The  tubes  had  fuftained  equal  injury-  two 
of  them  were  flattened  as  if  they  had  been 
ftruck  by  an  hammer,  the  third  was  mould- 
ed into  the  fhape  of  a gutter,  the.  foldering 
of  the  fourth  was  deftroyed,  and  it  was  ex- 
panded like  a wafer. 

XII.  Thefe  phenomena  will  lefs  furprize 
thofe  who  have  learned  from  Redi  (a)  and 
Magalotti  (b),  how  ducks,  fowls,  and  pi- 
geons pulverize  hollow  globules  of  glafs  in 
a very  fhort  fpace,  and  even  folid  ones  in  a 
few  weeks.  I have  already  obferved,  that  I 
repeated  thefe  experiments  with  the  greate# 
fuccefs  (c).  Some  fpherules  of  glafs  blown 
by  the  lamp,  and  fo  thick  that  they  would 
féldom  break  when  thrown  on  the  ground, 
were  generally  reduced  to  finali  fragments, 
after  remaining  three  hours  in  the  ftomachs 
of  hens  and  capons  ; the  fragments  were  not 
fhàrp  as  when  they  are  broken  by  the  efforts 
of  the  hand,  but  as  obtufe  as  if  their  edges 
and  points  had  been  abraded  by  a grinding- 
flione.  The  longer  the  fpherules  continued 
in  the  ftomach,  the  more  minutely  were  they 
triturated  ; fo  that  in  a few  hours  they  were 
reduced  to  a mafs  of  particles,  not  larger  than 
grains  of  find.  The  rapidity  alfo  of  this 
procefs  appears  in  fome  meafure  proporti- 
onal to  the  flze  of  the  animal.  A wood-pi- 

(tf)  Efperienze  intorno  a cofe  naturali. 

(b)  Saggio  di  naturali  efperienze. 

(c)  In  the  Introduction. 
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geon  generally  breaks  them  lefs  fpeedily  than 
a chicken,  a chicken  than  a capon,  but  a 
goofe  the  foonefi:  of  all.  The  reafon  is  plain, 
Ance  the  larger  fpecies  have  thicker  and  more 
powerful  ftomachs. 

XIII.  From  thefe  and  other  fads  which  I 
fhall  adduce  hereafter,  we  may  collect  how 
much  the  celebrated  Pozzi,  formerly  Pro- 
feflor  at  Bologna,  was  miftaken,  when  he  con- 
fidered  the  obfervations  (a)  of  the  Florentine 
Academicians,  and  of  Redi  on  the  power  of 
certain  animals  to  reduce  globules  of  glafs  to 
pieces  as  falfe,  becaufe  he  failed  in  his  at- 
tempts to  repeat  their  experiments  on  pigeons. 
Let  me  here  introduce  an  incidental  remark. 
It  is  the  cuftom  of  certain  dabblers  in  philo- 
fophy  to  deny  fads,  however  particularly  de- 
fcribed,  and  though  related  by  perfons  of  the 
higheft  authority,  merely  becaufe  their  own 
endeavours  fail  of  fuccefs.  But  they  do  not 
refled:,  that  this  is  ading  in  di-red  oppofition 
to  the  principles  of  found  logic,  by  which 
we  are  taught  that  a thoufand  negative  can- 
not deftroy  a Angle  pofltive  fad.  Ance  it  is  fo 
very  eafy  to  omit  fome  one  or  other  of  the 
many  circumftanees  requiflte  to  the  fuccefs 
of  an  experiment.  The  Bolognian  Phyfician  ' 
has  fallen  into  this  error  ; inftead  of  fo  rafhly 
inferring  from  his  own  obfervation  the  falfity 
of  the  contrary  event,  he  ought  to  have  mul- 
tiplied and  varied  his  experiments  ; and  if 
he  had  done  this  with  proper  precautions,  he 
would  have  confirmed,  inflead  of  conlradfd- 
the  relation  of  the  Florentine  philofo- 
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pliers.  We  mull  fuppofe,  that  the  flomachs 
of  his  pigeons  were  too  weak  and  flaccid  to 
abrade  and  break  fubftances  of  fuch  hardnefs 
as  glafs,  from  their  being  in  an  unhealthy 
fiate  or  too  young  ; for  in  thefe  cafes  they 
are  by  no  means  capable  of  producing  fuch 
effects,  as  I have  found  from  adtual  expe- 
rience. 

XIV.  My  celebrated  countryman  V allifneri, 
in  his  j udicious  anatomy  of  the  ojlrich,  proves 
that  the  hardeft  fubftances,  fuch  as  ftones, 
wood,  glafs,  and  even  iron  itfelf,  are  reduced 
to  pieces  in  the  ftomach  of  this  enormous 
bird  by  a folvent  ; he  alfo  inclines  to  think, 
that  glafs  is  attacked  and  broken  by  a flmilar 
liquor,  which  he  imagines  to  exift  in  the 
flomachs  of  fowls,  without  the  concurrence 
of  mufcular  adtion.  But  the  hypothefls  of 
Vallifneri  is  evidently  groundless,  for  feeds, 
as  we  have  feen  above,  remain  unaltered  when- 
ever they  are  defended  by  tubes.  And  when 
pigeons,  fowls,  or  turkeys,  are  forced  to 
Swallow  feveral  balls  of  glafs  at  once,  fome 
inclofed  in  tubes,  and  others  naked,  the  lat- 
ter are  reduced  to  Anali  fragments  as  ufual, 
while  the  former  remain  entire.  That  the 
gaftric  mufcles  are  the  fole  caule  of  this  effect, 
will  appear  flail  more  evidently  from  fadts  to 
be  related  in  the  fequel  (XV). 

XV.  Before  I proceed  farther  in  the  recital 
of  experiments  immediately  relating  to  diges- 
tion, it  may  be  proper  to  mention  fome  other 
phenomena  analogous  to  thofe  jufl  described. 
They  may  help  to  convey  more  diftindt  noti- 
ons concerning  this  fundtion  in  animals  with 
gizzards  ; the  Smooth  and  blunt  fubftances 
hitherto  employed,  could  not  injure  the  fto- 
mach. 
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mach.  It  was  therefore  an  object  of  curiofity 
to  enquire  what  would  happen  when  fharp 
bodies  were  introduced.  It  is  well  known 
how  readily  broken  glafs  will  lacerate  flelh. 
I gave  a cock  fcveral  fragments  of  a broken 
pane,  each  about  the  fize  of  a pea  ; they  were 
wrapped  up  in  paper,  to  prevent  the  celopha- 
gus  from  being  torn  as  they  palled  through  it. 
i was  well  allured  that  this  cover  would  be 
immediately  deftroyed  on  its  entrance  into 
the  ftomach,  and  leave  the  glafs  at  liberty  to 
adt  with  its  points  and  edges.  The  animal 
was  killed  in  twenty-four  hours,  and  the 
glafs  was  found  in  the  ftomach  -,  but  on  this, 
as  well  as  former  occafons,  the  angles  were 
i'o  far  obliterated,  that  upon  putting  fome  of 
the  fragments  on  the  palm  of  one  hand,  and 
rubbing  them  forcibly  on  the  back  of  the 
other,  1 did  not  receive  the  leaf:  hurt.  Upon 
weighing  the  glafs,  it  appeared  to  have  loft 
twenty- four  grains  ; nor  was  it  difficult  to 
difcover  what  was  become  of  the  miffing 
particles,  for  the  fides  of  the  ftomach,  when 
viewed  attentively,  glittered  with  innume- 
rable vitreous  points.  On  the  contrary,  fome 
broken  bits  of  glafs,  that  were  inclofed  in 
two  tubes,  of  which  one  was  given  to  a hen, 
and  the  other  to  a turkey,  and  left  twenty- 
four  hours  in  the  ftomachs,  were  not  at  all 
abraded,  at  their  points  or  edges. 

XVI.  Similar  pieces  of  glafs,  retained  two 
days  in  the  ftomach  of  a wood-pigeon,  gave 
me  an  opportunity  of  obferving  other  re- 
markable fraeftures  and  abraftons.  As  I have 
mentioned  this  bird,  I will  relate  a fadt  very 
applicable  to  our  prefent  purpofe.  I gave  a 
wood  pigeon  an  unpolifhed  twelve-fided  gar- 
net. 
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net,  of  the  fize  of  a moderate  nut,  with  the 
intention  of  infpe&ing  the  ftomach  in  a few 
hours  afterwards  ; the  bird  was  confined  in  a 
cage,  but  made  its  efcape  by  an  unforefeen 
accident,  and  was  confounded  with  many 
others  kept  in  another  place,  fo  that  I was 
not  able  to  diftinguifh  it  ; it  did  not  fall  into 
my  hands  for  a month.  The  garnet,  which 
had  remained  all  this  time  in  the  ftomach, 
filled  almoft  its  whole  capacity;  a circum- 
fiance  which  a little  furprized  me,  fince  it 
had  taken  its  food,  and  been  nourished  very 
well.  But  I was  more  furprized  at  finding 
the  angles  of  this  hard  itone  blunted  in  fame 
places. 

XVII.  But  the  reader  is  impatient  to  know 
what  injury  the  ftomach  received  from  the 
retention  of  thefe  fharp  bodies,  and  the  vio- 
lent agitation  they  muft  have  undergone  dur- 
ing the  abrafion  of  their  moft  pointed  parts. 
To  fatisfy  my  own  curiofity,  as  well  as  that 
of  others,  I opened  the  cock  and  two  wood- 
pigeons  (XV,  XVI),  and  examined  the  in- 
ternal coat  of  the  ftomach  with  the  clofeft  at- 
tention, after  having  wafhed  away  the  contents, 
I moreover  differed  it  away  from  the  nervous 
coat  ; this  was  eafily  effected  : and  I could  now 
examine  it  to  greater  advantage,  but  not- 
withftanding  all  my  pains,  found  it  perfectly 
entire.  No  laceration,  no  divifion,  not  the 
fmalleft  jagged  appearance;  it  was  in  every 
refpedt  like  ftomachs  that  had  not  afforded 
reception  to  any  uriufual  fubftance.  Only 
the  coat  of  that  ftomach  which  had  retained 
the  large  garnet  for  a month,  was  about  three 
times  as  thick  as  it  commonly  is. 
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XVIII.  Finding  that  thefe  fowls  fuftained 
thefe  experiments  unhurt,  I fubjeCted  them  to 
two  others  far  more  dangerous.  Twelve  ftrong 
tin  needles  were  firmly  fixed  in  a ball  of  lead, 
the  points  projecting  about  a quarter  of  an 
inch  from  the  furface.  Thus  armed,  it  was 
covered  with  a cafe  of  paper,  and  forced  down 
the  throat  of  a turkey.  The  bird  retained  it 
for  a day  and  half  without  fhewing  the  leaft 
fymptom  of  uneafinefs.  Why  the  ftomach 
fhould  have  received  no  injury  from  fo  horrid 
an  infixument,  I cannot  explain  : the  points 
of  the  twelve  needles  were  broken  oft  clofe 
to  the  furface  of  the  ball,  except  two  or  three 
of  which  the  ftumps  projected  a little  higher; 
The  ball  had  not  loft  its  general  fhape,  but 
was  marked  with  feveral  indentations,  that 
certainly  were  not  upon  it  at  fir  ft.  Two  of 
the  points  of  the  needles  were  found  among 
the  food,  the  other  ten  I could  not  difcover 
either  in  the  ftomach  or  the  long  traCt  of  the 
inteftines  ; and  therefore  concluded  that  they 
had  pafted  out  at  the  vent. 

XIX.  The  fecond  experiment.  Itili  more 
cruel,  confifted  in  fixing  twelve  finali  lan- 
cets, very  fharp  both  at  the  points  and  edges,- 
in  a fimilar  ball  of  lead.  They  were  fuch  as 
1 ufe  for  the  difte&ion  of  finali  animals.- 
The  ball  was  given  to  a turkey  cock,  and 
left  eighteen  hours  in  the  ftomach  ; at  the 
expiration  of  which  time  that  organ  was 
opened,  but  nothing  appeared  except  the 
naked  ball,  the  twelve  lancets  having  been 
broken  to  pieces  ; I difcovered  three  in  the' 
large  inteftines,  pointlefs  and  mixed  with  the 
excrements;  the  other  nine  were  miffing,- 
and  had  probably  been  voided  at  the  vent. 
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The  ftomach  was  as  found  and  entire  as  that 
which  had  received  the  needles. 

XX.  Two  capons,  of  which  one  was  fub- 
jedted  to  the  experiment  with  the  needles, 
and  the  other  with  the  lancets,  fuftained 
them  equally  well.  My  next  with  was  to 
know  how  much  time  elapfed  before  the 
beginning  of  the  fradtures.  By  repeated  ex- 
periments on  turkeys  that  were  killed  after 
intervals  fucceffively  fhorter,  I found  that 
thefe  fharp  bodies  begin  to  be  broken  and 
lofe  their  lhape  in  about  two  hours.  This 
at  lead  happened  in  two  individuals  of  the 
fpecies  : in  one  four  of  the  lancets,  and  in 
the  other  three  of  the  needles  were  broken 
within  that  fpace  -,  the  others  were  blunted, 
but  continued  fixed  in  the  balls. 

XXI.  Let  it  not  however  be  fuppofed,  that 
the  ftomach  in  this  clafs  of  birds  is  never 
vulnerable  by  fharp  fubftances.  In  pullets 
it  certainly  is  fometimes  very  much  injured. 
I obliged  two  pullets  to  fwallow  fome  pins 
from  which  the  heads  had  been  taken.  One 
was  killed  in  eight,  and  the  other  in  thirty- 
two  hours.  The  former  had  not  at  all  fuf- 
fered,  but  two  pins  were  implanted  in  the 
ftomach  of  the  latter.  Thefe  ftomachs,  as 
well  as  thofe  of  many  other  animals,  are  full 
of  rugofities,  in  one  of  which  the  two  pins 
were  fixed  almoft  perpendicularly,  one  to  the 
depth  of  a line,  and  the  other  to  that  of  three 
lines  : they  were  oppofite  to  the  moft  mnf-' 
cular  part  of  the  organ.  Some  force  was 
required  to  extradt  them  ; at  the  pundture 
appeared  a little  clotted  blood,  with  an  evi- 
dent livid  colour  around, 
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XXII.  But  whatever  conclufion  we  are  td 
draw  from  this  laft  fadt,  it  is  certain,  that  the 
ftomach  of  fuch  birds  is  in  general  not 
fubjedt  to  any  injury  from  the  introduction, 
refidence,  or  trituration  of  thefe  and  the  like 
fubftances,  as  I have  learned  from  a vaft  va- 
riety of  experiments.  But  how  is  it  poffible, 
fome  will  enquire,  that  the  gaftric  mufcles 
can  contufe,  triturate,  and  even  fometimes 
reduce  to  impalpable  powder  (as  when  glafs  is 
employed,  XII,  XIV,  XV,  XVI)  thefe  pointed 
bodies  without  injury  to  themfelves  ? If  the 
mufcles  adt  with  fo  much  force,  muft  not 
the  fubllances  neceftarily  re-adt  upon  the 
mufcles  ? And  will  not  this  re-adtion  caufe 
the  laceration  of  the  internal  coat  of  the  fto- 
mach, which,  though  it  is  indeed  very  firm 
and  compadl,  cannot  fuftain  fuch  violent 
fhocks  with  impunity  ? 

XXIII.  This  objedtion  wras  immediately 
ftarted,  upon  the  difcovery  of  the  wonderful 
force  with  which  digeftion  in  poultry  is  effedt- 
ed,  and  an  attempt  was  made  to  remove  it  in 
the  following  ingenious  manner.  It  had  been 
long  known,  that  fowls,  and  other  birds  of 
the  fame  clafs,  have  always  a fmaller  or  larger 
fupply  of  little  pebbles  in  their  ftomachs.  It 
was  therefore  conceived,  that  thefe  pebbles 
ferve  as  a ihield  to  the  mufcles.  Hence  it 
follows,  that  the  comminution  of  bodies 
forced  into  the  ftomach  is  the  immediate  ef- 
fedt  of  the  pebbles,  and  only  the  mediate  ef-’ 
fedt  of  mufcular  adtion.  Accordingly,  the 
Academicians  of  Cimento  have  obferved,  that 
thofe  ducks  andfowlsthat  contain  moft  ftones. 
in  their  ftomachs,  fooneft  reduce  fpherules  of 
glafs  to  powder.  Redi  thinks,  that  the  ftones 
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perform  the  office  of  teeth  {a)  ; and  Reau- 
mur fuppofes  them  neceffary  to  digeRion  (b). 

XXIV  . In  thecourfeof  my  numerous  ob- 
fervations  I can  fafelyaflert,  that  I never  opened 
the  Romach  of  a pigeon,  turtle-dove,  dove, 
partridge,  fowl,  turkey,  goofe,  &c.  without 
finding  fmall  Rones  within  it.  I have  alfo 
found  what  is  remarked  by  Reaumur,  that 
the  fize  of  the  Rones  is  apparently  propor- 
tional to  the  fize  of  the  bird.  They  are  ge- 
nerally of  a roundifh  Riape,  whether  they  ac- 
quire it  from  fridtion  within  the  cavity  of  the 
Romach,  or  have  it  before  they  are  fwallow- 
ed.  They  are  commonly  bits  of  quartz, 
fometimes  mixed  with  calcareous  fragments. 
In  the  Romach  of  a turkey  hen  I have  count- 
ed above  200,  and  above  1000  in  that  of  a 
goofe.  Their  exiRence  is  therefore  indubi- 
table. But  is  it  equally  certain,  that  they  are 
the  immediate  inRruments  of  trituration  ? 
He  who  is  unprejudiced  in  favour  of  any  the- 
ory muR  immediately  perceive,  that  this  is  a 
mere  hypothefis,  convenient  indeed  and  plau- 
fible,  but  requiring  to  be  confirmed  by  ex- 
periment. 

XXV.  To  this  teR  I have  endeavoured  to 
bring  it,  and  would  willingly  hope  thatl  have 
decided  the  queRion.  According  to  the  ob- 
fervation  of  the  Academicians,  the  birds  that 
contain  moR  Rones,  fooneR  triturate  hard 
fubRances.  Nothing  was  more  eafy  than  to 
repeat  the  experiment.  This  I did  upon  ducks 
and  fowls,  the  two  fpecies  mentioned  by  thofe 
learned  writers,  fometimes  obliging  them  to 

(a)  E.  c.  (■/>)  Mem.  cit. 
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fwallow  globules  of  glafs,  fometimes  finali 
thin  tubes  of  tin,  and  at  others  feeds  de- 
fended by  a ftrong  cover,  fuch  as  nuts  of  a mo- 
derate nze.  It  was  necelfary  that  all  circum- 
dances  fhould  be  alike,  that  the  birds  fhould 
he  of  the  fame  fpecies  and  age,  and  of  equal 
vigour,  See.  Not  to  weary  the  reader  with 
too  minute  a detail,  I diali  only  mention  the 
refults.  In  a hen  and  two  ducks,  not  abun- 
dantly fupplied  with  pebbles,  the  injury  fuf- 
tained  by  the  fubdances  was  not  fo  great  as  in 
three  other  like  fowls  more  amply  provid- 
ed with  them.  But  in  four  hens  the  effedf 
produced  was  exactly  the  fame,  as  far  as  I 
could  judge,  though  the  domachs  of  three 
were  lefs  copioudy  furnidied  than  that  of  the 
fourth. 

XXVI.  Having  collected  a largequantity  of 
dones  from  the  diffecdion  of  many  gizzards, 
I thought  they  might  be  ufeful  in  theprefent 
inquiry  ; I therefore  gave  a certain  number 
to  fome  fowls  and  ducks,  while  others  were 
left  with  thofe  which  they  had  fwallowed 
fpontaneoufly.  The  former,  according  to  the 
obfervation  of  the  Florentine  Academicians, 
ought  to  break  hard  fubftances  fooner  than 
the  latter.  And  fo  indeed  it  fometimes  hap- 
pened, but  at  others  the  event  was  different. 
Wherefore  not  being  able  to  afcertain  the  ob- 
jedt  of  my  enquiry  by  thefe  experiments,  I 
had  recourse  to  other  means  of  folving  the 
problem . 

XXVII.  The  mod  decifive  mode  of  deter- 
mining the  ufe  of  dones  in  digedion,  evidently 
was  to  take  them  away  altogether,  either  by 
expelling  thofe  already  fwallowed,  or  by  pre- 
venting the  admniion  of  any  at  all.  To  eva- 
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diate  thofe  already  accumulated,  it  was  ne- 
ceflary  to  confine  the  birds  in  cages  where 
they  could  not  find  frefh  ones,  and  it  might 
be  hoped,  that  the  old  ones  would  be  gradu- 
ally voided  with  the  excrements.  Accord- 
ingly, feveral  fowls,  turkies,  turtle-doves, 
and  ducks  were  confined  feparately,  and  that 
all  fufpicion  of  their  picking  up  pebbles  might 
be  removed,  the  cages  were  raifed  to  fuch  an 
height  that  they  could  not  reach  the  floor 
with  their  beaks.  The  bottoms  were  made 
of  ofiers  placed  at  a diftance  from  each  other, 
that  if  the  ftones  fhould  pafs  out  with  the 
excrement  they  might  not  remain  in  the  cage, 
and  be  fwallowed  again,  but  fall  to  the  ground. 
I fed  them  mylelf  the  whole  time,  taking  care 
that  the  food,  confifting  of  corn,  vetches,  and 
maize,  was  free  from  every  foreign  matter, 
fo  that  I was  certain  not  a fingle  grain  of  fand 
or  the  fmalleft  ftone  was  fwallowed  by  them. 

XXVIII.  In  the  courie  of  a few  days  I per- 
ceived fome  ftones  among  the  excrement,  and 
they  continued  to  be  voided  during  the  time 
of  confinement.  Two  days  before  the  end 
of  the  month,  when  they  were  to  be  killed, 
J forced  fome  to  fwallow  tubes  of  tin,  others 
ghfs  globules,  fome  naked  and  fome  armed 
with  needles  and  lancets  (XVIII,  XIX,  XX.). 
I likewife  gave  them  fome  grains  of  wheat,  but 
did  not  allow  them  to  undergo  the  natural 
procefs  of  maceration  in  the  crop.  On  the 
30th  day  every  ftomach  was  carefully  examin- 
ed, and  though  I did  not  completely  attain 
the  end  in  view,  yet  I gained  confiderable  in- 
formation on  the  fubjeét.  Not  a fingle  ftc- 
mach  indeed  was  free  from  ftones,  but  they 
were  few  in  number,  in  fome  instances  not 

C 2 amount- 


24 


DISSERTATION  L 


amounting  to  above  four  or  five,  and  thofe 
very  finali.  The  contulions,  however,  on 
the  tin  tubes,  the  indentations  on  the  naked 
balls,  the  fratture  of  the  needles  and  lancets, 
the  trituration  of  the  grain  had  alike  taken 
place  in  every  ftomach  ; nor  did  it  appear, 
that  the  diminution  of  the  quantity  of  ftones 
at  all  contributed  to  diminifh  the  alteration 
of  the  feveral  fubftances,  or  to  occafion  any 
injury  to  the  organ  that  contained  them.  And 
lelf  it  fhould  be  objected,  that  thefe  hard  bo- 
dies themfelves  performed  the  office  of  peb- 
bles by  rubbing  violently  againft  each  other 
in  confequence  of  the  addon  of  the  gaftric 
mufcles  (an  objection  manifeftly  trivial)  I had 
taken  care  that  each  bird  fhould  not  have  more 
than  one  tin  tube,  or  one  glafs  globule,  &c. 
Thefe  folitary  fubftances  were  bruifed  or 
broken  juft  as  effedttially  as  when  many  were 
put  into  one  ftomach  ; and  this  vifcus  re- 
mained as  free  from  injury. 

XXIX.  Though  thefe  fadhs  abundantly 
prove,  that  trituration  does  not  depend  on  the 
ftones  fwal lowed  by  the  birds  in  queftion,  but 
upon  the  ftrength  and  addon  of  the  gaftric  muf- 
cles, I yet  wifhed  for  proofs  moredecifive,  from 
obferving  what  happens  in  ftomachs  that  have 
not  received  any  ftones ..  The  j udicious  reader 
perceives  at  once,  that  to  accomplifh  my  pur- 
pofe,  it  was  neceftary  to  procure  young  neft- 
lings  that  had  never  been  in  queft  of  food. 
Accordingly,  fome  wood-pigeons,  of  which 
the  feathers  had  not  begun  to  flioot,  were 
brought  me;  but  I was  difappointed  in  my 
expeditions,  for  even  their  tender  ftomachs 
were  not  free  from  pebbles,  which  doubtlefs 
were  mixed  with  the  food  carried  to  them  by 
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their  parents.  Three  of  thefe  young  birds 
were  fieri  heed  to  my  curiofity.  The  ftomach 
of  the  fir  ft  contained  eight  ftones,  of  the  fe- 
•cond  eleven,  of  the  third  fifteen  ; together 
they  weighed  thirty- two  grains,  and  confift- 
ed  chiefly  of  quartz. 

XXX.  As  thefe  experiments  did  not  anfwer 
my  purpofe,  it  was  neceffary  to  take  up  the 
enquiry  at  an  earlier  period,  and  employ  birds 
lefs  advanced  in  growth  ; nay,  for  greater  cer- 
tainty fuch  as  were  juft  qutting  the  egg,  and 
therefore  could  not  have  received  food  from 
their  parents.  The  Itomach,  it  is  obvious, 
could  not  contain  ftones  of  any  kind.  I was 
at  the  pains  of  keeping  feveral  neftlings  in  a 
warm  place,  while  they  remained  unfledged, 
and  feeding  them  till  they  were  able  to  peck. 
They  were  then  confined  in  a cage,  and  fup- 
plied  at  firft  with  vetches  foaked  in  warm  wa- 
ter, and  afterwards  in  a dry  and  hard  fiate. 
In  a month  after  they  had  begun  to  peck,  hard 
bodies,  fuch  as  tin  tubes,  glafs  globules,  and 
fragments  of  broken  glafs  were  introduced 
with  the  food  ; care  was  taken  that  each  wood- 
pigeon  fhould  fwallow  only  one  of  thefe  fub- 
flances.  In  two  days  afterwards  they  were 
killed.  Not  one  of  the  ftomachs  contained 
a Angle  pebble,  and  yet  the  tubes  were  bridled 
and  flattened,  and  the  fpherules  and  bits  of 
glafs  blunted  and  broken  : this  happened  alike 
to  each  body,  nor  did  the  fmalleft  laceration 
appear  on  the  coats  of  the  ftomach. 

XXXL  I did  not  confine  my  obfervations 
to  this  one  fpecies.  With  the  lame  view  I fot 
under  a turkey-hen  feveral  eggs,  partly  her 
own,  and  partly  of  a common  lien.  When 
the  chickens  were  hatched  I took  charge  of 
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them  myfelf,  and  employed  the  fame  precau- 
tions as  with  the  wood-pigeons  (XXX  ) . They 
were  confined  for  fifty-five  days  in  feparate 
cages,  and  their  food  confiftedof  various  forts 
of  grain.  The  laft  days  they  had  to  live,  I 
forced  them  to  fwallow  the  hard  indigeftible 
fubftances  fo  often  mentioned.  Upon  exa- 
mination, the  ftomachs  appeared  to  be  free 
from  ftones,  yet  the  fragments  and  fpherules 
of  glafs,  and  the  tin  tubes,  were  not  on  this 
account  either  the  lefs  or  the  more  bruifed  or 
broken.  Hence  then  we  have  at  length  a 
decificn  of  the  famous  queftion  concerning 
the  ufe  of  thefe  pebbles,  fo  long  agitated  by 
authors.  It  appears,  that  they  are  not  at  all 
necefiary  to  the  trituration  of  the  firmed:  food, 
or  the  hardeft  foreign  fubftance,  contrary  to 
the  opinion  of  many  anatomifts  and  phyfiolo- 
gifts,  as  well  ancient  as  modern  ; I will  not, 
however,  deny,  that  when  put  in  motion  by 
the  gaftric  mufcles,  they  are  capable  of  pro- 
ducing fome  effiedt  on  the  contents  of  the  fto- 
mach . 

XXXII.  But  for  what  purpofe  are  they  de- 
figned  ? If  they  are  not  necefiary  to  the  tritura- 
tion of  the  food,  are  we  to  fuppofe  that  they 
contribute  in  any  other  way  to  digeftion  ? Do 
they  create  a keener  appetite,  or  maintain  a 
better  fiate  of  health,  as  fome  conceive  ? Are 
they  found  in  the  ftomach  becaufe  they  are 
cafually  mixed  with,  and  as  it  were  conceal- 
ed by,  the  food  ; or,  becaufe  they  are  dcfign- 
edly  fwallowed,  and  even  fought  after  ? 

The  firfi  quefiions  are  already  anfwered,  or 
rather  precluded,  fince  we  have  found,  that 
birds  unprovided  with  pebbles  take  their  food, 
are  no  uri  flic  d and  grow  juft  as  well,  and  aie 
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as  bride  and  lively  as  others  abounding  with 
them  ; an  obfervation  I have  made  with  great 
fatisfa&ion  upon  young  pigeons,  turkies,  and 
chickens  reared  in  the  manner  deferibed  above 
(XXX,  XXXI). 

XXXIII.  The  lad:  quelli  on  will  be  readily 
folved,  if  grown  up  chickens  take  their  food 
in  the  fame  way  as  young  ones;  for  thefefwal- 
low  every  thing  that  comes  in  their  way.  I 
haveoften  fcattered  amongfl  them  various  fub- 
flances  unfit  for  their  non  ridi  merit,  fuch  as 
pebbles,  bits  of  brick,  chalk,  or  rubbifh, 
which  they  pecked  with  eagernefs,  whether 
their  flomach  was  full  or  empty.  One  day  I 
threw  before  them  a large  quantity  of  the 
fhells  of  the  little  fidi,  termed  Lice  by  Con- 
chologifls,  which  they  devoured  tilltheircrop 
was  full,  juft  as  if  it  had  been  the  mod:  agree- 
able food.  If  they  retain  the  fame  difpoli- 
tion  when  full  grown,  we  may  reafonably  con- 
clude, that  the  collecting  of  pebbles  is  lefs 
the  effefl  of  choice  than  flupidity;  as  the 
oftrich,  according  to  Vallifneri  and  Buffon, 
devours  without  diflin<£tion  whatever  comes 
in  its  way,  flicks,  and  flones,  and  cords,  and 
glafs,  and  metals,  &c.  fuch  is  its  dui  nets, 
and  fo  obtufe  its  organ  of  taile  (a).  But 
fowls  grown  to  their  full  fize,  and  when 
their  natural  inilinót,  that  lay  dormant  while- 
they  were  young,  comes  to  be  unfolded, 
change  their  manners  in  this  as  well  as  many 
other  refpedts.  A capon  confined  in  a cage 
by  Redi,  died  of  hunger  fooner  than  it  would 
fwallow  pebbles  offered  to  it  in  place  of 

(<a)  Buffbn  Ilift.  cies  Oifeaux.  T.  2.  Ed.  in  12.  W- 
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28 


DISSERTATION  I. 


food  (a).  With  me  too  three  hens  and  one 
turkey,  kept  Separately,  died  in  the  courfe  of 
a few  days,  when  inftead  of  giving  them  food,  I 
Scattered  before  them  a quantity  of  fmall  ftones. 
After  their  death  the  number  of  the  ftones 
was  the  fame,  though  they  would  appear  to 
be  of  the  mod:  proper  kind,  having  been  taken 
from  the  Stomachs  of  other  individuals  be- 
longing to  the  fame  fpecies.  When  pebbles 
are  mixed  with  the  food,  I have  obferved, 
that  poultry,  especially  when  hungry,  pick 
them  up.  I Should  then  incline  to  believe, 
that  the  Stomachs  of  thefe  birds  generally 
contain  a quantity  of  fmall  ftones  ; not  be- 
caufe  they  are  fought  for  and  feledted  by  de- 
sign, as  many  fuppofe,  but  becaufe  they  fre- 
quently happen  to  be  mixed  with  the  food. 

XXXIV.  Having  Shewnthat  the  pebbles  are 
not  the  caufe  of  trituration,  we  muft  con- 
clude, that  it  is  the  foie  and  immediate  effetì: 
of  the  gaftric  mufcles,  which,  as  it  is  well 
known,  are  very  Strong,  and  compofed  of  firm 
and  compact  layers,  and  muft,  therefore,  when 
fet  in  motion,  adt  with  great  force.  To  be 
more  fully  fatisfied  of  this,  let  the  Stomach 
of  a dog,  fheep,  or  a man  be  compared  with 
the  gizzard  of  a duck,  turkey,  or  goofe  ; we 
Shall  then  perceive  the  enormous  difference 
between  the  thick  mufcular  coat  of  the  one, 
and  the  thin  one  of  the  other. 

XXXV.  The  internal  coat,  or  that  which 
immediately  lines  the  cavity  of  the  ftomach, 
deferves  particular  attention.  In  many  ani- 
mals, and  in  man  himfelf,  it  is  loft  and  vil- 
lous j but  in  gallinaceous  birds  it  is  hard  and 

(a)  Degli  Anim.  viventi  negli  Anim.  viventi. 
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cartilaginous.  When  feparated  from  the 
next,  which  anatomifts  call  the  nervous 
coat,  it  foon  becomes  dry  and  very  hard.  In 
turkies  and  geefe,  in  which  it  is  thicker  and 
ftronger  than  in  common  fowls,  I have  often 
diffe&ed  it  away,  and  fpreading  it  uponatable, 
have  drawn  along  it  lancets,  needles,  bits  of 
glafs,  and  fuch  fharp  fubftances  as  are  tritu- 
rated in  the  ftomach  without  any  perceptible 
injury  to  it.  If  indeed  my  hand  preffed  with 
conliderable  force,  thole  parts,  over  which 
the  keen  bodies  palled,  were  dilimited,  whe- 
ther it  was  feparated  or  adhered  to  the  other 
coats. 

XXXVI.  But  thefe  fubftances  may  adì  in  a 
quite  differen  t man  ner  when  u nder  the  dirediion 
of  the  hand,  than  when  let  in  motion  by  the 
gaftric  mufcles,  and  when  the  internal  coat 
is  not  extended  but  forms  a cavity,  as  it  does 
when  the  ftomach  is  entire.  I therefore  wilhed 
to  know  what  happens  to  fubftances  inclofed 
in  the  ftomach  feparated  from  the  animal,  and 
preffed  externally  with  the  palms  of  both 
hands,  and  agitated  in  various  directions.  The 
ftomach  of  a turkey  hen  was  firft  cleared  of 
its  contents  by  forcing  them  out  through  the 
pylorus,  and  then  a large  quantity  of  lharp 
pieces  of  glafs  were  introduced,  which  were 
kept  in  motion  for  a quarter  of  an  hour  by 
preffure  and  percuftion  on  the  outfide  of  the 
ftomach.  . I was  in  hopes,  that  I Ihould  thus, 
in  fome  meafure,  imitate  the  natural  motion. 
Nor  was  the  expedient  altogether  ineffectual  ; 
for  the  internal  coat  was  only  perforated  with 
two  little  holes,  fuch  as  the  point  of  a needle 
would  have  made,  and  yet  part  of  the  glafs 
was  reduced  to  powder,  and  part  had  loft  its 
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fharp  edges.  Different  effects  then  are  pro- 
duced, when  this  coat  is  fubmitted  to  ex- 
periment after  it  has  been  removed  from 
its  natural  fituation,  and  when  it  adheres  to 
the  others.  Neverthelefs  I am  willing  to  al- 
low, that  how  it  fhould  be  capable  of  blunt- 
ing and  breaking  the  keen  eft  bodies  without 
fuftaining  any  injury  itfelf,  ftill  continues  a 
matter  of  great  iurprize. 

XXXVII.  But  if  the  infide  of  the  gizzard 
be  certainly  agitated  fo  violently  during  the 
trituration  of  the  food,  will  not  the  motion 
be  perceptible  on  the  outfide  ? Reaumur,  in- 
duced probably  by  this  reflection,  laid  open 
the  abdomen  of  fome  of  the  fowls  in  quef- 
tion,  and  watched  the  ftomach,  but  could 
not  perceive  what  he  perhaps  imagined  took 
place.  They  always  feemed  perfectly  at  reft, 
except  the  gizzard  of  a capon,  which  con- 
tracted and  dilated  alternately  ; he  moreover 
faw  certain  flefhy  cords  moving  in  an  undu- 
lating direction,  but  very  flowly  and  gradu- 
ally (a). 

XXXVIII.  I have  perceived  fimifarmotions 
In  two  turkey  cocks.  Upon  preffing  upon  the 
ftomach  forcibly  with  my  hand,  I felt  a flight 
puliation  that  produced  a fenfation  of  creep- 
ing, but  was  foon  aware,  that  this  was  owing 
only  to  the  beating  of  numerous  little  arteries, 
which  run  upon  the  furface  of  the  vifeus. 
When  a perforation  is  made  in  the  heart  of  a 
living  animal,  and  a finger  introduced  through 
it,  it  is  well  known  that  ftrong  preflure  is 
felt  at  the  time  of  its  contraction.  I made 


(a)  Mem.  cit. 
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this  experiment  upon  the  gizzard  of  a duck, 
but  was  not  fenfible  of  the  flighted  com- 
prefiion. 

Conceiving  that  the  ftomach  muft  exert  its 
principal  adion  when  it  is  irritated  by  fub- 
ftances  filling  its  cavity,  1 introduced  feme 
nuts  into  the  gizzard  of  a turkey  hen,  that 
had  been  kept  faffing  for  a day.  During  the 
whole  time  I watched  it  attentively,  through 
an  opening  made  in  the  abdomen  ; when  it  had 
received  only  a few  nuts  it  fhewed  no  lign  of 
motion,  but  when  it  was  nearly  full  it  fwell- 
ed  violently,  and  then  collapled  again  -of  a 
hidden.  Thele  alternations  were  fometimes 
general,  and  at  others  confined  to  a narrow 
(pace;  they  did  not  continue  ten  minutes, 
probably  becaule  the  death  of  the  animal  was 
approaching  from  the  aperture  of  the  abdo- 
men. The  nuts  were  unbroken,  but  evident 
contulions  appeared  upon  the  furface.  This 
diftind  view  of  the  motions  of  the  ftomach 
I aferibe  to  unufual  good  fortune,  lìnee,  with 
the  exception  of  one  only  other  turkey,  the 
ftomachs  of  many  birds  of  the  fame  clafs  re- 
mained at  perfect  reft,  after  they  had  been 
filled  in  the  fame  manner.  If  however  we 
consider  the  very  morbid  fiate  of  the  animal 
when  the  abdomen  is  laid  open,  we  Ila  al  1 not 
be  much  furprized  at  this  phaenomenon. 

XXXIX.  The  various  fads  related  in  the 
preceding  paragraphs  irrefragably  prove,  that 
the  food  of  ducks,  fowls,  geefe,  partridges, 
&c.  muff  undergo  the  mechanical  addon  of 
the  gaftric  mufcles,  before  it  can  be  broken 
down,  and  reduced  to  an  impalpable  pulp. 
But  are  we  to  fuppofe,  that  digeftion  depends 
on  this  adiqn,  and  that  fimple  trituration 
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converts  the  aliment  into  that  pultaceous  mafs 
denominated  Chyme  ? Or  rather,  that  this 
mafs  is  generated  by  means  of  juices  either 
prepared  or  collected  in  the  ftomach;  and  that 
trituration  is  a co-operating,  but  not  the  im- 
mediate caufe  of  digeftion  ? I imagined  that 
the  tubes  and  fpherules,  which  had  already 
afforded  me  fo  much  information,  would  not 
now  be  without  their  ufe.  If  the  gaftric 
juices  convert  into  chyme  the  food  which 
trituration  has  prepared  for  digeftion,  let  forne 
food  fo  prepared  be  inclofed  in  the  tubes  and 
fpherules,  and  let  us  fee  whether  it  will  be 
difl'olved  according  to  this  hypothesis  ; for  it 
muft  be  thoroughly  foaked  in  thefe  juices. 
I firft  filled  a tube  and  fpherule  with  crumb 
of  wheaten  bread  mafticated,  and  introduced 
them  into  the  gizzard  of  a hen.  In  twenty- 
three  hours  they  were  taken  out,  and  the 
quantity  of  bread  was  much  diminished,  es- 
pecially at  the  ends  of  the  tube,  where  it  was 
alfo  fofter  than  at  firft,  and  had  acquired  a 
bitter  tafte.  The  fame  tube  and  fpherule  were 
forced  into  the  gizzard  of  another  hen,  where 
they  remained  fourteen  hours  -,  after  which 
there  was  no  appearance  of  bread  in  either  of 
the  receivers. 

XL.  I repeated  the  experiment  upon  a third 
hen,  with  bread  of  maize  inftead  of  wheat; 
the  tube  and  fphere  were  emptied  in  a day 
and  half.  As  there  was  here  no  trituration 
nor  any  other  power,  except  the  addon  of  the 
gaftric  fluid,  it  feemed  reafonable  to  conclude, 
that  this  fluid  had  difl'olved  and  converted  the 
bread  into  chyme,  and  fo  enabled  it  to  pals 
through  the  holes  in  the  receivers.  A doubt 
however  fuggefted  itfelf,  and  kept  me  in  fuf- 

penfe  ; 
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penfe  ; without  fuppofing  the  tranfmutation 
of  the  bread  into  chyme,  the  gaftric  fluid  by 
merely  diluting  it,  like  water,  might  render 
it  capable  of  pafling  out  of  the  tubes  and' 
fpherules. 

XLI.  A fubftance  not  foluble  by  Ample 
maceration,  and  at  the  fame  time  fofter  than 
grain,  upon  which  the  gaftric  juices  have  no 
adtion  (III,  IV,  V,  VI,  VII.),  was  wanting 
to  clear  up  the  doubt.  Flefh  feemed  to  cor- 
refpond  to  this  description.  Flefh  is  digefted 
by  many  birds  with  gizzards,  which  for  the 
molt  part  are  both  frugivorous  and  granivo- 
rous  ; I therefore  Ailed  four  tubes  with  fome 
veal  (a)  bruifed  very  lfnall  to  fupply  the  want 
of  trituration,  and  forced  them  into  the  fto- 
mach  of  a hen.  They  were  taken  out  in  twen- 
ty-four hours,  and  the  flefli  was  in  the  follow- 
ing ftate:  In  the  tube  that  came  firft  to  my 
hands  it  did  not  amount  to  above  one-twen- 
tieth of  its  original  bulk,  in  two  others  it  had 
Suffered  nearly  the  fame  diminution  ; the  only 
difference  appeared  in  the  fourth,  which  was 
not  open  at  both  extremities  like  the  other 
three,  but  clofed  at  one  end  with  a circular 
plate  of  iron.  The  flefli  contiguous  to  the 
plate  preferved  its  red  colour  and  natural  con- 
fluence, and  did  not  feem  at  all  wafted;  but 
at  the  open  end  it  was  reduced  to  two  thirds 
of  the  length  of  the  tube,  of  which  it  had  at 
firft  occupied  the  whole;  the  part  that  con- 
tinued firm  and  red  retained  the  true  flavour 
of  flefh  ; at  the  oppofite  end  it  had  entirely 
loft  that  flavour,  and  the  furface,  to  the  depth 

(a)  Wherever  I mention  flefli  without  an  epithet,  I 
mean  raw  flefli. 
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of  a full  line,  was  befides  reduced  to  a pulp, 
and  had  acquired  a cineritious  colour.  The 
inconfiderable  refiduums  in  the  other  tubes 
were  altered  in  the  fame  manner. 

The  immediate  confequences  of  thefe  ex- 
periments are  felf-evident.  The  remarkable 
diminution  of  the  flefh  arofe  from  its  having 
been  in  great  meafure  diffolved  and  digeffed; 
for  all  phyfiologifts  agree  in  confidering  the 
change  of  colour  and  tafte,  and  the  tranfmu- 
tation  of  the  food  to  a pultaceous  mafs  in  the 
ftomach,  as  the  charadteriftic  marks  of  digef- 
tion.  The  three  tubes,  of  which  the  fides 
were  perforated  and  the  ends  open,  admitted 
the  gaftric  liquor  at  every  part.  Hence  the 
remarkable  wafte  of  the  fedi  in  them.  The 
cafe  was  different  in  the  tube  clofed  at 
one  extremity,  and  nothing  can  be  more  ob- 
vious than  the  reafon  ; for  as  the  liquor  could 
only  enter  at  one  end,  it  could  only  there 
diffolve  the  flefh. 

XLII.  This  experiment  decifively  proves, 
that  the  gaftric  liquor  was  the  caule  of  di- 
geft ion  in  the  prefent  inftance  ; and  it  was  eafy 
to  forefee,  that  ethers  upon  the  fame  clafs  of 
birds  would  be  attended  with  the  fame  re- 
lult.  Some  tubes  filled  with  fielh  were  next 
introduced  into  the  gizzard  of  a very  large 
turkey  cock,  but  the  lattice  work  at  the  open 
ends,  though  it  confided  of  iron,  could  ill 
withftarid  the  action  of  fuch  powerful  muf- 
cles.  Upon  examination  feven  hours  after- 
wards, it  was  found  feparated  from  the  tubes, 
and  coiled  up  in  one  mafs  near  the  pylo- 
rus, in  the  midlb  of  the  pebbles  and  /co- 
rbe of  the  food,  fome  of  which  were  jam- 
med fo  clofely  in  the  tubes,  that  there 
v/as  fome  difficulty  in  forcing  them  out  with 
6 the 
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the  point  of  a penknife.  I could  not  per- 
ceive the  fmalleft  fragment  of  flefh  among!!: 
them,  and  remained  in  doubt  whether  it  had 
been  digested,  or  expelled  by  thefe  extrane- 
ous bodies.  I refolved  to  fubmit  this  fpe- 
cies  of  bird  to  further  experiments,  but  was 
obliged  to  abandon  the  tubes,  and  have  re- 
courfe  to  the  hollow  fpherules,  of  which  I 
have  fpoken  above  (VII).  They  were  made 
thick  and  ftrong,  with  many  finali  pores 
over  the  whole  furface,  in  order  to  obviate 
two  inconveniencies,  the  one  left  the  receivers 
fhould  be  unable  to  refift  the  violent  impulfes 
of  the  ftomach,  the  other  to  prevent  the  mat- 
ters compreffed  and  agitated  by  the  adtion  of 
the  mufcles  from  entering  fo  readily  into 
them.  Two  of  thefe  fpheres  were  given  to 
a turkey  cock  eleven  months  old,  and  in 
twenty-four  hours  extracted  from  the  giz- 
zard. They  contained  at  firft  about  twenty- 
eight  grains  each  of  beef  and  veal  bruifed 
very  fmall.  Upon  opening  them  after  the 
fame  interval  as  before,  and  weighing  the 
flefh,  the  beef  was  found  to  have  loft  nine, 
and  the  veal  thirteen  grains.  I muff  not 
however  omit  to  remark,  that  they  were  both 
fully  impregnated  with  gaftric  liquor,  and 
confequently  would  have  weighed  ftill  lefs  if 
they  had  been  free  from  it.  The  beef  and 
veal,  when  touched  with  the  point  of  a knife, 
feemed  tenderer  than  in  their  natural  fiate,  and 
refembled  a foft  pafte  rather  than  flefh.  They 
had  the  bitter  talfe  of  the  gaftric  juice  with 
which  they  were  impregnated,  and  the  colour 
approached  more  to  white  than  red.  They 
were  replaced  in  the  fpheres,  and  kept  twelve 
hours  in  the  gizzard  of  another  turkey-cock. 

Upon 
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Upon  a frefh  examination,  the  beef  weighed 
only  eight,  and  the  veal  only  five  grains.  The 
gaftric  fluid  had  therefore  produced  a new  fo- 
lution,  and  this  procefs  was  entirely  completed 
after  the  fpheres,  into  which  the  flefli  was  put 
for  the  third  time,  had  continued  five  hours 
in  the  ftomach  of  a third  turkey-cock. 

XLIII.  Flefli  is  digefted  by  the  gaftric  li- 
quor of  geefe  as  well  as  of  tur  kies.  Eleven 
grains  of  beef,  inclofed  in  a fpherule,  were 
entirely  diflolved  in  two  days  in  the  gizzard 
of  one  of  thefe  large  birds. 

I will  not  defcribe  three  other  refults  ob- 
tained, one  from  an  hen,  and  the  two  others 
from  two  capons  ; fince,  with  refpedt  to  the 
digeftion  of  the  flefli,  they  are  exactly  like 
thofe  juft  mentioned. 

All  thefe  experiments  were  made  with  flelh 
bruifed  very  finali  ; this  condition  is  not  in- 
deed indifpenfably  requifite,  but  it  very  much 
promotes  digeftion.  The  bruifed  flefli  was 
always  diflolved  in  two  days,  but  when  entire 
that  procefs  was  not  completed  in  four,  and 
fometimes  not  even  in  five  days.-  Thereafon 
of  this  difference  is  obvious.  The  more  flelh 
is  bruifed,  the  larger  iurface  does  it  acquire; 
and  in  proportion  to  the  increafe  of  furface, 
more  points  are  expofed  to  the  adtion  of  tfie 
gaftric  liquor,  which  will  confequently  fooner 
complete  thefolution. 

XL IV.  Before  1 proceed  further  and  con- 
clude the  prelent  difiertation,  I muft  notice 
an  experiment  of  Reaumur,  which  does  not 
perfectly  agree  with  thofe  juft  related.  The 
createli  part  of  his  memoir  is  employed  in 
(hewing  the  great  force  of  the  gizzard  of  gal- 
linaceous fowls  in  triturating  the  food;  in 
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the  remainder  he  endeavours  to  prove,  that 
this  vifcus  contains  no  menftruum  of  Suffi- 
cient efficacy  to  produce  Solution.  In  Sup- 
port of  this  propofition,  befides  the  argument 
derived  from  barley  continuing  unaltered 
within  the  tubes,  he  adduces  the  following 
fadt,  which  requires  to  be  particularly  re- 
lated. It  is  well  known,  how  greedily  ducks, 
devour,  and  how  foon  they  digeft,  flefh.  In 
order  therefore  to  obtain  the  information  he 
wanted,  Reaumur  had  recourfe  to  this  bird. 
Having  provided  lix  tubes,  four  of  lead,  and 
two  of  tin,  he  inclofed  in  the  former  bits  of 
veal  of  the  iize  of  a grain  of  barley,  and  in  the 
latter  fome  considerably  larger.  Thefe  lix 
tubes  he  gave  to  a duck  at  different  times; 
viz.  a leaden  one  at  ten  o’clock  in  the  morn- 
ing, and  another  at  eight  in  the  evening; 
next  day  a third  was  given  at  lix  in  the  morn- 
ing, together  with  the  two  tin  tubes;  laftly, 
at  nine  the  fame  morning  the  animal  was 
made  to  fwallow  thelaft  leaden  tube,  and  at  ten 
was  killed.  Of  the  four  leaden  tubes,  one 
was  voided  the  preceding  day  at  nine  in  the 
evening  ; it  was  that  which  had  been  taken 
at  ten  in  the  morning  ; the  other  five  remain- 
ed in  the  gizzard,  and  the  flefh  was  not  only 
entire,  but  as  firm  as  at  firft.  Some  of  the 
pieces  retained  thei  r red  colour,  three  of  them 
however  had  loft  it.  The  whole  capacity  of 
fome  of  the  tubes  was  no  longer  filled  by  the 
fleffi;  not  that  it  had  Suffered  any  diminution, 
but  becaufe  it  was  compreffed  by  the  ftones 
and  food,  which  had  been  admitted  at  the 
open  ends  of  the  tubes.  From  this  experi- 
ment Reaumur  infers,  that  no  menftruum  had 
adted  on  the  flefh,  fince  it  was  not  either  com- 
Vol.  I.  D minuted 
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minuted  or  diffolved.  And  though  he  does 
not' affirm,  that  in  the  gallinaceous  clafs  di- 
geftion  is  the  effe  dì  of  trituration  alone,  he 
yet  concludes,  that  the  gizzard  contains  no 
iblvent  capable  of  decompofing  and  digeffiing 
the  aliment. 

XLV.  What  has  been  above  related,  fhews 
how  far  Reaumur’s  conclufion  ought  to  be 
extended  ; when  we  fpeak  of  aliment  of  a 
hard  and  compadt  texture,  fuch  as  feeds,  it 
muffi  be  allowed,  that  the  gaffiric  liquor  has 
no  adtion  upon  them  (II,  III,  IV,  V,  VI, 
VII.)  ; but  when  we  are  conhdering  food  na- 
turally tender,  like  fleffi,  or  fuch  as  is  made 
fo  by  art,  like  grain  in  the  form  of  maffiicated 
bread,  it  muffi  then  be  allowed,  that  a perfedt 
folution  is  effe  died  by  the  gaffiric  iuices  alone 
(XXXIX,  XL,  XLI,  XLII,  XLilL).  In 
Reaumur’s  experiment  the  flefh  remained  fo 
ffiiort  a time  in  the  gizzard,  that  we  cannot  be 
fur  prized  if  it  was  not  fenfibly  diffiolved.  If 
we  attend  to  the  times  at  which  he  gave  his 
tubes  to  the  duck,  and  at  which  he  killed  it, 
we  filali  immediately  perceive,  that  the  tube 
which  continued  longeffi  in  the  gizzard,  re- 
mained in  it  only  twenty-four  hours  ; a fpace 
infufficient,  according  to  my  experiments  on 
fowls,  turkies,  and  geefe  (XLI,  XLII, 
XLIIL),  for  the  gaffiric  liquor  of  thefe  birds 
to  diflblve  any  fenftble  portion  of  fleffi  in- 
clofed  in  tubes.  I fbould  however  have  con- 
demned fnyfelf  for  a crime  of  omiffion  if,  to 
the  proof  deducible  from  analogy,  I had  ne- 
gledied  to  add  diredt  experiments  on  ducks. 
Upon  tvyo  ducks  therefore  Irepeated  the  ex- 
periment of  the  French  Naturali!!,  with  the 
following  variation  -y  four  tubes,  each  con- 
taining 
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taihing  a bit  of  veal  equal  in  fize  to  a barley- 
corn, were  given  to  a duck  ; in  two  of  tne 
tubes  the  flefli  was  whole»  but  in  the  two 
others  it  had  been  previoufly  cut  into  fmall 
bits  : in  fourteen  hours  the  gizzard  was  exa- 
mined ; the  four  tubes  were  found  in  it  ; the 
two  entire  pieces  of  fleih  were  of  their  origi- 
nal fize,  but  inclining  to  a white  colour  ; the 
fmall  bits  were  alfo  aocut  the  fame  fize  as  at 
firft,  but  were  converted  into  a gelatinous 
pafte.  The  experiment  was  repeated  upon 
another  duck,  which  was  not  killed  till  the 
end  of  the  fecond  day;  and  now  the  tubes 
that  had  contained  the  minute  bits  of  fleih 
were  entirely  empty  ; and  in  the  others,  only 
fome  flight  traces  of  a gelatinous  concodied 
matter  remained.  If  we  combine  thefe  fadis 
with  others  before  related,  it  will  appear,  that 
in  the  gallinaceous  clafs,  trituration  and  the 
gaftric  fluid  mutually  affift  each  other  in  per- 
forming the  great  function  of  digeftion  ; the 
former  by  breaking  down  the  aliment,  adts 
as  the  pre-dilpofmg  caufe  ; the  latter,  when 
it  is  thus  prepared,  penetrates  into  it,  de- 
itroys  the  texture,  diitolves  the  particles,  and 
difpofes  them  to  change  their  nature,  and  to 
become  animalized. 

XL VI.  But  what  is  the  origin  of  this  gaf- 
tric fluid,  fo  ufeful  in  digeftion  ? How  is  it 
mixed  with  the  food  ? And  what  fuccefiive 
changes  does  the  latter  undergo  from  the 
adtion  of  trituration,  joined  to  that  of  the 
gaftric  liquor  ? Thele  important  queftions 
required  a ftridt  examination  of  the  cefopha- 
gus  and  gizzard,  as  alfo  of  the  food  during 
its  paflage  through,  and  continuance  in,  thefe 
parts  ; As  experiments  are  more  concilili  ve, 
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the  larger  the  fcale  is,  on  which  they  are 
conducted,  I conceived  that  the  larger  fpecies, 
as  geefe,  turkies,  ducks,  and  fowls,  would 
be  the  beft  fu bj efts  for  thefe  enquiries.  To 
begin  then  with  the  cefophagus  of  a goofe, 
this  canal  at  the  end  towards  the  mouth,  has 
the  appearance  of  an  inflated  inteftine;  it  is 
above  a foot  long,  and  at  its  origin  about  an 
inch  in  diameter,  but  widens  as  it  defcends, 
for  the  fpace  of  fix  inches  and  more,  when  it 
contrafts  like  a funnel,  then  enlarges  again, 
and  this  enlargement  continues  to  the  giz- 
zard. The  cefophagus  is  membranous,  its 
lides  are  firong  and  thick  ; they  are  thickeft 
at  three  inches  dirtance  from  the  rtomach,  on 
account  of  a flefhy  fafcia,  of  which  I finali 
fpeak  below.  If  we  look  very  attentively, 
we  can  perceive  the  whole  cefophagus  covered 
with  points  or  elongated  lpots,  which  are 
mort  numerous  juft  above  the  funnel.  The 
fafcia  appears  to  confili  of  a multitude  of  cy- 
lindrical bodies,  larger  than  hulked  millet- 
feed.  Thefe  bodies  fhine  through  a fine 
membrane,  externally  furrounding  the  fafcia. 

XLVII.  If  the  oefophagus  be  inverted,  and 
the  fpots  examined  by  the  help  of  a glal's,  we 
plainly  perceive  that  they  are  follicular  glands. 
This  likewife  is  confirmed  by  the  appearance 
of  moliture  on  the  cefophagus,  when  they  are 
prefled.  But  the  follicular  glands  that  appeal; 
through  the  flefhy  fafcia  like  cylindrical  bo- 
dies, bigger  than  hulked  millet,  as  we  before 
obferved  (XLVI),  are  far  more  eafily  dirtin- 
guifhable,becaufe  far  larger. This  fafcia, which 
encircles  the  cefophagus  like  a ring,  is  above 
an  inch  in  breadth,  and  about  a line  in  thick- 
nefs.  Great  part  of  it  is  inverted  by  a thin 
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covering  of  a deep  yellow  colour,  and  confe- 
quently  very  liable  to  be  torn.  When  this 
is  removed,  the  fafcia  externally  appears 
white  and  rough,  on  account  of  the  number- 
lei's  prominent  papillae,  each  of  which  has  an 
evident  pore  in  the  center.  When  the  fafcia 
is  ffretched,  and  much  more  when  it  is  pref- 
fed  between  the  fingers,  a drop  of  whitifh 
turbid  liquor  gulhes  out  at  each  pore  into 
the  cefopnagus  ; and  it  may  be  enlarged,  by 
continuing  the  dilatation  or  preffure.  The 
liquor  is  denfe,  fomewhat  vifcid,  of  a fweet- 
ilh,  and  at  the  fame  time  faltifh  tafle.  To 
comprehend  immediately  that  the  pores  are 
the  excretory  dutìs  of  the  follicular  glands 
lying  below,  requires  very  flight  anatomical 
knowledge  : the  glands  appear  very  diftintìly, 
when  the  membrane  in  which  the  pores  are 
inferted,  is  removed.  The  follicles  are  of  a 
pale  red  colour,  and  full  of  a turbid  liquor, 
which  oozes  out  from  the  excretory  dutìs, 
when  the  cefophagus  is  kept  under  water. 

XLVlII.  Below  thefiefhy  fafcia,  the  cefo- 
phagus becomes  membranous  again  for  nearly 
the  breadth  of  three  quarters  of  an  inch, 
when  it  is  inferted  into  the  gizzard.  This 
organ  is  of  the  fize  of  the  fift,  remarkably 
hard,  and  of  an  irregular  elliptical  figure  ; 
when  opened  lengthwife  at  the  thinned:  part, 
it  is  divided  into  two  large  mufcles,  each 
above  an  inch  in  thicknefs,  and  compofed  of 
very  compatì:  fibres.  It  appears  plainly,  that 
the  whole  atìion  of  thefe  great  mufcles  con- 
fids  in  approximating  with  violence,  and  like 
the  fides  of  a vice,  crufhing  and  breaking  to 
pieces  all  interpofed  fubfiiances.  As  the  ner- 
vous coat  adheres  to  thefe  ftrong  mufcles, 
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and  as,  however  robuft,  it  might  be  injured 
by  fuch  impetuous  fhocks,  nature  has  faga- 
pioudy  inveiteci  it  with  a cartilaginous  coat, 
of  a ft  r abiure  more  capable  of  reliftance, 
which  internally  lines  the  cavity  of  the  giz- 
zard. 

XLIX.  In  rarkies  the  cefophagus  and  fto- 
mach  very  nearly  refemble  thofe  parts  in 
geele.  The  former,  however,  is  more  mem- 
branous, and  abounds  more  in  follicular 
glands  of  a larger  iize,  and  consequently 
more  confpicuous.  The  excretory  dufts  may 
be  eafily  feen,  and  the  liquor  of  the  follicles 
may  be  readily  forced  out  by  preffure.  This 
liquor  is  transparent,  and  fomewhat  vifcid  ; 
its  tafte  is  rather  fweet.  But  the  cefophagus 
of  the  turkey  has  one  peculiarity  not  found 
in  the  goo fe  ; it  i&  provided  with  a burla  or 
bladder,  well  known  under  the  name  of  the 
crop  or  craw.  In  this  lpeciesit  is  very  large. 
The  crop  at  the  tides  at  lead:,  if  not  at  every 
part,  isfurnifhed  with  follicular  glands,  exact- 
ly like  the  others.  At  the  lower  part  of  the 
cefophagus  we  alfo  find  the  flelhy  falcia,  an 
inch  in  breadth,  and  provided  with  follicles 
much  larger  than  thofe  of  the  crop  or  cefo- 
phagus, and  in  great  abundance.  The  liquor 
teems  to  have  the  fame  properties  as  in  the 
goofe.  It  is  vifcid,  has  a iweetifh  and  faltiih 
latte,  a turbid  white  colour,  and  confiderable 
dendty. 

The  gizzard,  whether  its  form  or  the  na- 
ture of  its  coats  be  confldered,  is  exactly 
like  that  of  the  goofe,  only  weaker  and 
Smaller  in  proportion  to  the  inferior  lize  of 
the  bird. 
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L.  I have  obferved  all  that  has  been  related 
with  refpedf  to  the  gizzard  and  follicular 
glands  of  the  goofe  and  turkey  in  due  pro- 
portion in  the  duck,  common  fowl,  and  even 
in  {mailer  birds  of  the  fame  clafs,  as  the  pi- 
geon, partridge,  wood  pigeon,  turtle-dove, 
and  quail;  with  this  peculiarity  only,  that  in 
the  duck  the  cefophagus,  indead  of  forming 
a crop,  has  the  fame  drudture  as  in  the  goole 
(XLVI).  I diali  therefore  omit  a defcription 
of  thefe  parts,  and  proceed  to  confider  the  No- 
madi in  a phyliological  light. 

LI.  In  fpeaking  of  this  organ,  I have  never 
mentioned  either  follicles  or  glands  ; for  in 
the  fowls  hitherto  mentioned,  I could  never 
difcover  any.  The  internal  coat,  from  its 
cartilaginous  nature,,  appears  to  be  unfit  for 
the  infection  of  glandular  bodies  ; at  lead  I 
was  not  able  to  find  the  fmalled  vedige  of 
them  ; nor  did  I fucceed  any  better  in  the 
nervous  or  mufcular  coats,  notwithdanding 
I examined  them  very  narrowly.  Reaumur 
having  obferved  a vad  number  of  fhort  white 
filaments  between  the  cartilaginous  and  ner- 
vous coats,  entertained  fome  fufpicion  of 
their  being  tubes  or  veiled,  placed  there  in 
order  to  difcharge  their  contents  into  the 
domach  (a).  Ì have  found  thefe  filaments 
in  all  the  gallinaceous  fowls  I have  examined; 
but  cannot  agree  with  him  that  they  remain 
attached  to  the  nervous,  when  the  cartilagi- 
nous coat  is  feparated  from  it  : for  after  fuch 
feparation,  I have  ever  feen  them  adhere  to  the 
cartilaginous,  never  to  the  nervous  coat  ; but 
any  perfon  may  readily  make  the  trial.  Thefe 

(a)  Mem.  Cit. 
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filaments  are  very  numerous  • they  are  pointed 
at  the  extremity,  oppofite  to  that  which  is 
inferted  into  the  lare  mentioned  coat,  and 
refemble  fhort  white  down,  diftindtly  vifible 
by  the  naked  eye  in  the  larger  birds  ; fuch  as 
the  goofe  and  turkey,  but  requiring  the  aid 
of  a glafs  to  be  feen  in  the  fmaller  fpecies. 
I have  divided  many  of  various  fizes  with  the 
points  of  very  fine  needles,  in  order  to  dis- 
cover whether  they  were  hollow  or  glandular, 
but  could  never  find  any  appearance  of  this 
kind  : I have  alfo  fqueezed  them  in  order  to 
fee  if  any  liquor  would  ooze  out,  but  to  no 
purpofe  ; and  fo  far  from  fufpedting  thefe 
filaments  of  Reaumur  to  be  vafcular  or  glan- 
dular, I fhould  rather  fuppofe  them  to  be 
merely  for  the  purpofe  of  joining,  or  at  leaft 
more  clofely  connecting  the  cartilaginous 
with  the  nervous  coat. 

We  Shall  fee  elfewhere,  that  fiomachs  of 
the  membranous  kind,  when  they  are  taken 
out  of  the  animal  and  rubbed  dry,  loon  be- 
come moift  again  : this  fnoifture  comes  from 
invifible  veflels  and  glands,  difeharging  their 
liquor  into  the  cavity  of  the  ftomach.  I have 
made  t’he  fame  experiment  on  mufcular  fio- 
maphs,  but  they  always  continued  dry  ; the 
fame  thing  alfo  took  place,  when  I prelfed 
them  underneath,  though  this  is  a very  effec- 
tual means  of  accelerating  and  increafing  the 
aqueous  covering.  Hence  I have  good 
grounds  for  luppofing,  that  the  juices  found 
in  mufcular  fiomachs  do  not  properly  belong 
to  them,  but  come  chiefly  from  the  cefopha- 
gus,  and  in  part  from  the  duodenum,  as  we 
lhall  fee  below. 
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LII.  Nature  however,  has  not  failed  to  pro- 
vide the  quantity  neceffary  for  digeftion.  We 
have  feen  the  vaft  number  of  follicular  glands 
with  which  the  oefophagus  is  provided  (XLVI, 
XLVII,  XLVIIÌ,  XLIX.);  they  mull:  needs 
pour  in  their  liquor  in  great  abundance.  And 
experience  confirms  what  reafon  luggefts.  I 
introduced  afmall  piece  of  dry  fpunge,  previ- 
oully  cleanfed  from  every  impurity,  into  the 
craw  of  a pigeon,  in  which  it  was  left  twelve 
hours  ; at  the  expiration  of  this  time  I opened 
the  craw,  and  took  it  out.  The  fpunge  was 
full  of  liquor,  and  on  being  fqueezed  over  a 
glafs,  afforded  above  an  ounce.  I employed 
larger  pieces  of  fpunge  in  fowls  and  turkies, 
ana  obtained  more  of  this  cefophageal  liquor; 
the  quantity  in  a turkey  amounted  to  leven 
ounces  in  ten  hours.  A fimilar  liquor  is 
procured  in  equal  abundance,  from  fuch  cefo- 
phagufes  as  are  dilated  into  a large  canal,  inftead 
of  a craw,  as  in  ducks  and  geefe  (XLVI,  L.). 
This  fluid  is  undoubtedly  defigned  to  l'often 
the  food  which  remains  a certain  time  in  the 
craw,  or  in  the  large  canal  ; and  this  not  only 
difpofes  it  to  be  more  readily  broken  down, 
but  very  probably  alfo  communicates  to  it 
fome  quality  that  renders  it  more  eafily  di- 
geftible.  But  it  is  likewife  certain,  as  I have 
found  from  experiment,  that  a confiderabie 
part  of  this  fluid  defcends  into  the  ffomach  ; 
not  to  mention  that  denfer  and  more  vif'cid 
liquor  which  diftils  from  the  flefhy  fafcia, 
lying  at  the  bottom  of  the  cefophagus,  (XLVI, 
XLVII.). 

LIII.  Thefe  various  cefophageal  juices  ac- 
quire in  the  ftomach  a bitter  flavour,  refem- 
bling  that  of  the  food  in  this  vifcus  : and  as 

this 
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this  tafte  exadtly  refembles  that  of  bile,  which 
in  thèfe  animals  is  difcharged  through  the 
cyftic  dudt  into  the  duodenum,  I am  tho- 
roughly perfuaded  that  it  arifes  from  this 
fource,  in  confequence  of  the  bile  regurgi- 
tating into  the  cavity  of  the  ftomach,  and 
being  mixed  with  the  food  and  cefophageal 
liquors  colledted  there.  I am  confirmed  in 
this  perfuafion  by  other  fadts,  which  I fhall 
have  a more  convenient  place  for  relating  ; 
not  to  mention  the  well  known  circumftance 
of  the  bile  being  found  in  the  ftomach  of 
various  animals  (a). 

LIV.  This  collection  of  divers  liquors  in 
the  gizzard  of  our  fowls,  ferves  as  a'men- 
ftruum  for  the  food,  and  for  difpofing  it  to 
be  tranfmuted  into  chyle.  But  the  firft  ftep 
towards  this  event  is  taken  in  the  craw.  It 
is  here  that  the  aliment  is  penetrated  by  the 
cefophageal  liquor,  and  begins  to  change  its 
fmell  and  tafte  : that  of  the  hardeft  texture  is 
prepared  to  be  broken  down  when  it  defcends 
into  the  ftomach,  which  in  thefe  birds  may 
be  faid  to  fupply  the  place  of  teeth. 

But  the  way  in  which  the  food  defcends 
from  the  mouth  into  the  ftomach,  is  defend- 
ing of  attention.  When  our  fowls  are  abun- 
dantly fupplied  with  meat,  they  foon  fill  their 
craw  : but  it  does  not  immediately  pafs 

hence  into  the  gizzard,  where  it  does  not 
arrive  till  after  it  has  been  macerated  in  the 
craw  : it  always  enters  in  very  finali  quan- 
tity, proportional  to  the  progrefs  of  tritu- 
ration in  the  ftomach.  Here  then,  what 
' happens 

(a)  Haller  Elem.  Phyfiol,  T.  6. 

Fol.  T.  i. 


Valli fn.  Op.  in 


47 


DISSERTATION  I. 

happens  in  a mill,  may  be  obferved  to  take 
place.  A receiver  is  immoveably  fixed  above 
the  two  large  ftones  which  ferve  for  grind- 
ing the  corn;  this  receiver  lets  .the  com 
which  it  contains,  fall  continually  in  finali 
quantity  into  the  central  hole  in  the  upper 
itone,  through  which  it  pafleSj  and  diftufes 
itfelf  in  the  void  fpace  between  the  two  ftones, 
where  it  is  broken  down,  triturated,  and 
pulverized  by  means  of  the  ftrong  trillion  of 
the  upper  ftone  that  moves  round  with  great 
velocity  upon  that  below.  Meanwhile  the 
flour  paflfes  from  between  the  ftones,  as  fub- 
ftances  triturated  by  the  gizzard,  and  diiTolv- 
ed  by  the  gaftric  juices,  are  expelled  through 
the  pylorus  into  the  finali  inteftines. 

LV.  All  this  may  be  obferved,  by  infpedr- 
ing  the  alimentary  canal  during  the  time  of 
digeftion.  If  the  bird  has  fed  upon  grains, 
they  are  found  in  the  cavity  of  the  gizzard, 
partly  entire,  but  foftened  by  a fluid.  That 
part  of  thecefophagus  that  lies  between  the 
end  of  the  crop  and  the  beginning  of  the 
ftomach,  either  contains  no  grains  at  all,  or 
only  a few  quite  entire.  Trituration  takes 
place  in  the  gizzard  only.  Thofe  which 
have  firft  entered  this  cavity,  are  found  to 
have  loft  the  farinaceous  fubftance,  and  are 
reduced  to  mere  bran  ; the  fu.cceeding  ones 
are  more  or  lefs  broken,  and  the  laft  are  en- 
tire. Amid  this  mixture  of  bran,  and  bro- 
ken and  entire  grains,  we  always  find  a femi- 
' fluid  pultaceous  mafs  of  a whitifh  yellow 
colour.  This  is  the  farinaceous  part  of  the 
grains  decompofed  by  the  gaftric  liquor,  and 
converted  into  chyme.  Meanwhile  frefh 
grains  continue  to  fall  into  the  gizzard,  in 

order 
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order  to.  undergo  the  fame  tranfmutation  : 
this  admirable  procefs  continues  as  long  as 
the  mains  continue  to  fall  into  the  ftomach. 

Thefe  appearances  and  changes  take  place 
alfo  in  animal  fubftances,  whenever  birds 
with  mufcular  ftomachs  feed  upon  them. 

LVI.  At  whatever  time  the  ilomachs  of 
thefe  birds  happen  to  be  opened,  they  always 
contain  a certain  quantity  of  gaftric  liquor. 
This  is  lefs  abundant  when  they  are  full  of 
food,  (for  in  this  cafe  it  is  abforbed  by  the 
food)  than  when  they  have  little  or  none. 
If  we  wifti  therefore  to  be  provided  with  a 
large  quantity  of  this  liquor  for  experiments, 
it  mould  be  taken  from  the  empty  ftomach. 
Beftdes,  in  this  cafe  it  is  purer  than  when 
mixed  with  the  food.  When  examined  in  a 
ftate  of  purity,  its  tranfparency,  if  we  except 
a flight  yellow  tinge,  is  little  inferior  to  that 
of  water.  It  has  likewife  the  fluidity,  but 
not  the  infipidity  of  water,  being  always  a 
little  bitter,  as  well  as  fait.  I have  found 
that  the  gizzards  of  turkies  and  geefe  molt 
abounding  in  gaftric  juices,  probably  on  ac- 
count of  their  fuperior  fize.  I was  induced 
by  the  quantity  they  afforded  to  attempt  an 
experiment,  which  if  it  fucceeded,  would 
ftiil  further  prove  that  trituration  is  only  an 
aftifting  or  predifpofmg,  and  not  the  efficient 
caufe  of  digeftion.  It  confifted  in  trying, 
whether  thefe  juices  retain  their  folvent 
power  out  of  the  ftomach.  For  this  purpofe, 
I took  two  tubes  fealed  hermetically  at  one 
end,  and  at  the  other  with  wax  : into  one  I 
put  feveral  bits  of  mutton,  and  into  the  other 
leverai  bruifed  grains  of  wheat,  and  then 
filled  them  with  the  gaftric  liquor.  In  order 
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that  they  might  have  the  condition  which  in 
thefe  animals  precedes  digefiion,  they  had 
been  macerated  in  the  craw  of  a turkey  cock. 
And  as  the  warmth  of  the  fiomach  is  pro- 
bably another  condition  neceflary  to  the  folu- 
tion  of  food,  I contrived  to  fupply  it  by  com- 
municating to  the  tubes  a degree  of  heat 
nearly  equal,  by  fixing  them  under  my  ax- 
ills.  In  this  fituation  I kept  them  at  differ- 
ent intervals  for  three  days,  at  the  < 


with  the  grains  of  wheat  was  fir  A:  examined; 
moft  of  them  now  confided  of  the  bare  hufk, 
the  Hour  having  been  extracted,  and  forming 
a thick  grey  fediment  at  the  bottom  of  the 
tube.  The  flefh  in  the  other  tube  was  in 
great  meafure  difiolved,  (it  did  not  exhale 
the  leaf!  putrid  fmell)  and  was  incorporated 
with  the  gaftric  juice,  which  was  hence  ren- 
dered more  turbid  and  denfe.  What  little 
remained  had  loft  its  natural  rednefs,  and  was 
become  exceedingly  tender.'  Upon  putting 
it  into  another  tube,  and  adding  frefh  gaftric 
liquor,  and  replacing  it  under  the  axilla,  the 
remainder  was  difiolved  in  the  courfe  of  a 
day. 

I repeated  thefe  experiments  with  other 
grains  of  wheat  bruifed  and  macerated  in  the 
lame  manner,  and  likewife  upon  fome  flefh 
of  the  fame  kind,  but  inftead  of  gaftric  juice 
1 employed  common  water.  After  the  two 
tubes  had  remained  three  days  under  my 
axiliaq  I found  that  the  grains,  where  they 
were  broken,  were  flightly  excavated,  which 
was  occalioned  by  an  incipient  folution  of 
the  pulpy  fu b fiance.  The  flefh  had  allo 

undergone  a flight  fuperficial  folution,  but 


of  which  time  I opened  them. 
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internally  it  appeared  fibrous,  red,  'firm,  and 
in  fhort,  had  all  the  characters  of  flefh.  It 
was  alfo  putrid^  the  wheat  too  had  acquired 
fonie  acidity,  two  circumftances  which  did 
not  take  place  in  the  grains  and  flefh  im- 
nierfed  in  the  gaftric  liquor.  Thefe  faCts  are 
then  irrefragable  proofs  that  the  gaftric  juice 
retains  even  out  of  its  natural  fituation  the 
power  of  diffolving  animal  and  vegetable 
lubftances  in  a degree  far  fuperior  to  water. 

LVIL  The  gaftric  juice  which  I employed 
was  taken  from  a turkey.  That  of  a goofe 
produced  fimilar  effects.  I have  further 
found,  that  in  order  to  obtain  the  folution  of 
animal  and  vegetable  fub fiances,  this  juice 
fhould  be’frefh.  It  lofes  its  efficacy,  when 
it  has  been  kept  feme  time  in  vefiels,  efpeci- 
ally  if  they  fhould  happen  ‘ 1 T': 


ufed  for  an  experiment.  JLaftly,  a confide- 
rable  degree  of  heat,  equal  to  the  temperature 
of  man  or  birds,  muft  be  applied  ,*  otherwife, 
the.  gaftric  juices  are  not  more  effectual  in 
difiolving  flefh  and  vegetables  than  common 
water.  This  artificial  mode  of  digeftion  is 
well  calculated  to  iiluftrate  the  fubjeCt  I have 
undertaken  to  treat  ; but  I filali  have  oppor- 
tunities of  fpeaking  of  it  at  greater  length  in 
the  fubfequent  differtations. 


alfo  becomes  inefficacious 
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CONCERNING  THE  DIGESTION  OF  AMI- 
MALS  WITH  AN  INTERMEDIATE  STO- 
MACH. CROWS.  HERONS. 


LVIII.  T)Y  the  term  intermediate  flomach, 
I mean  fuch  a ftomach  as,  on 
- the  one  hand,  is  not  properly  mufcular,  that 
is,  provided  with  thick  and  iirong  tides,  as 
in  the  gallinaceous  family  (I.)  ; and  on  the 
other,  is  not  merely  membranous,  that  is, 
very  thin,  as  in  birds  of  prey  and  man,  but 
has  an  intermediate  degree  of  thicknefs  and 
hrength.  The  ftomachs  of  both  the  raven  (a) 
and  grey  crow  (b)  may  be  confidered  in  this 
light,  though  in  reality  they  approach  nearer 
to  the  mufcular  than  the  membranous  clafs. 
The  intermediate  power  of  thefe  ftomachs 
contributes  alfo  to  characterize  them;  it  is 

N 

(a)  Thefe  two  fpecies  are  called  by  Linnaeus,  Corvus 
cinerafcens,  capite,  jugulo,  alis  caudaque  nigris, 

Corvus  ater,  dorlo  atro-ccerulefcente,  cauda  lubro- 
tunda. 

(./>)  The  hooded  crow  of  Pennant.  Corvus  Cornix  L. 
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very  far  from  being  equal  to  the  force  of  muf- 
cular,  but  greatly  exceeds  that  of  membran- 
ous ftomachs. . Such  tubes  of  tin,  as  doves 
and  pigeons  would  flatten  and  disfigure  with 
the  greateft  eafe,  remain  unaltered  in  the  fto- 
mach  of  crows.  Thus  alfo  grain  is  triturat- 
ed by  the  former,  but  continues  whole  in  the 
latter.  Their  gaflxic  mufcles  however  are 
not  inert.  They  exert  a certain  degree  of 
action,  but  it  is  far  inferior  to  that  of  the 
gizzard  in  the  gallinaceous  clafs.  Thus^ 
though  they  cannot  comprefs  tin  tubes,  they 
are  capable  of  producing  this  effiedt  upon 
tubes  of  lead,  provided  they  are  very  thin  : 
and  thofe  that  continue  unaltered  at  firfl,  are 
at  length  flightly  incurvated  or  diftorted  at 
the  edges,  and  generally  filled  with  frag- 
ments of  the  food,  evident  marks  of  c'onfn 
derable  motion  in  the  gaftric  mufcles  ; there 
are  no  effiedts  which  fhew  fuch  motion  in 
animals  with  membranous  ftomachs,  as  we 
filali  find  in  its  proper  place.  I have  often 
feen  thefe  phenomena,  having  kept  a great 
number  of  grey  crows  and  ravens  : how  ufe- 
ful  they  have  been  in  the  courfe  of  my  en- 
quiries the  reader  will  learn  from  a perufal 
of  the  prefen  t differ tation. 

LIX.  Thefe  birds,  as  well  as  man,  may  be 
denominated  omnivorous . Herbs,  grafs,  legu- 
minous feeds,,  flefli  of  every  kind,  alive  or 
dead,  ferve  equally  for  their  nourifliment. 
As  thefe  two  fpecies  poffefs  powers  for  the 
concodtion  of  various  aliments,  either  entire- 
ly the  fame  as,  or  ftrongly  refembling  thofe 
of  man,  it  is  obvious,  that  the  knowledge 
obtained  from  them  will  greatly  illuftrate  the 
4 procefs 
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procefs  of  digeftion  in  us.  They  befides 
ieem  formed  on  purpofe  to  forward  the  views 
of  the  obferver.  When  we  wifh  to  know 
what  changes  have  been  produced  in  fub- 
ffances  incìofed  in  fpheres  and  tubes,  and 
given  to  gallinaceous  birds,  it  is  neceffary  to 
extract  the  tubes  and  fpheres  from  their  giz- 
zards -,  that  is,  it  is  neceffary  to  kill  them. 
Hence  for  every  experiment  we  muff  lacri- 
fice  an  individual,  at  no  finali  expence  to  our 
philofophical  curiofity.  On  the  contrary, 
we  can  perform  fuch  experiments  upon 
crows  as  often  as  we  pleafe,  without  deftroy- 
ing  a fingle  individual . With  refpedt  to  fub- 
ffances,  they  are  incapable  of  digeffing  fuch 
as  the  above-mentioned  metallic  receivers  I 
have  difcovered,  that  they  poffefs  the  privilege 
of  returning  them  through  the  mouth,  as 
birds  of  prey  vomit  the  feathers  and  hair  of 
the  animals  they  have  devoured,  a circum- 
ffance  well  known  both  to  naturalifts,  and 
thofe  who  train  falcons  for  the  field.  But 
whereas  this  vomiting  generally  takes  place;, 
every  twenty-four  hours  in  birds  of  prey,  in 
crows  it  happens  at  leaft  every  nine,  and  com-, 
monly  every  two  or  three  hours. 

LX.  As  I obtained  the  fame  refults  from 
both  fnecies,  I will  employ  in  my  narration 
the  generic  name  only  (a)  . My  obfervations 
were  begun  in  winter,  the  moff  convenient 
feafon  for  procuring  a large  number,  owing 
to  the  multitudes,  eipecially  of  ravens,  with 


(a)  Corvus  is  the  generic  nune  in  Latin,  and  Cornac- 
hcia  in  Italian,  and  Crow  may  very  well  ierve  for  it  in, 
Lnglifh. 


VOL.  I. 


E 


which 


DISSERTATION  II. 


which  Auftrian  Lombardy,  and  indeed  al- 
moll  all  Italy  then  abounds.  All  the  crows 
which  I could  obtain,  when  newly  taken, 
had  a large  collection  of  pebbles  in  the  fto- 
mach  ; the  biggeft  were  of  the  fize  of  fmall 
peafe,  the  lead;  of  that  of  millet:  they  were 
of  various  forts  ; I even  found  rounded  pieces 
of  brick.  But  in  lefs  than  ten  days  not  a 
Itone  remained  in  the  body,  a circutnltance 
which  I learned  from  the  infpeCtion  of  fe- 
veral  Itomachs,  when  I had  occafion  to  kill 
fome  crows  in  order  to  obferve  the  anatomi- 
cal ftrudture  of  the  alimentary  canal.  They 
were  voided  partly  at  the  anus,  as  it  appeared 
from  the  excrements,  and  partly  through 
the  mouth  ; in  the  latter  inftarices  they  were 
glued  by  the  gaftric  liquor  to  the  outlide  of 
the  tubes  which  I had  forced  them  to  fwal- 
low,  and  which  they  afterwards  threw  up. 
When  unprovided  with  pebbles,  they  con- 
tinued to  eat  and  were  nourished  as  well  as 
before.  Hence  it  is  to  be  inferred,  that  they 
are  not  more  neceflary  to  digeftion  in  birds 
with  intermediate,  than  in  thofe  with  mufcii- 
lar  Itomachs,  as  we  have  feen  above  (XXXI). 
And  as  I inclined  to  believe,  that  the  lafL 
mentioned  clafs  do  not  pick  up  thefe  Itones 
from  choice,  but  mere  accident  (XXXIII); 
fo  I conlider  the  matter  like  wife  with  réfpeót 
to  crows,  having  obferved,  that  though  un- 
provided, they  never  peck  them  eagerly*  even 
when  hungry,  but  fwallow  them  only  when 
they  happen  to  be  mixed  on  purpofe  or  by 
chance  with  their  food,  and  as  it  were  con- 
cealed by  it. 
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LXI.  I began  my  experiments  by  putting 
entire  feeds  in  the  tubes  (a).  Thefe  feeds 
were  beans  and  wheat.  The  reader  will  eafily 
perceive,  that  crows  are  not  fo  ftupid  as  to 
take  the  tubes  fpontaneoufly,  but  that  it  is 
necelfary  to  force  them  down  the  throat,  and 
to  pafs  the  finger  along  with  them  till  they 
are  got  into  the  ftomach.  This  I executed 
in  the  way  I had  before  done  in  animals  with 
mufcular  ftomach s (III).  The  tubes  were  all 
thrown  up  in  thefpace  of  three  hours.  The 
beans  and  wheat  appeared  as  at  firft,  excepting 
that  they  were  fomewhat  foftened  and  fwelled 
by  the  gaftric  juice,  which  had  penetrated 
fome  way  into  them.  I replaced  the  grains 
in  the  tubes,  and  introduced  them  again  into 
the  ftomach,  where  they  remained  two  hours 
longer,  without  undergoing  any  further 
change.  I repeated  the  fame  experiment  a 
great  number  of  times,  and  upon  computing 
the  fpace  during  which  the  tubes  had  con- 
tinued in  the  ftomach,  I found  that  it  amount- 
ed to  forty-eight  hours  ; in  this  interval  the 
feeds  had  fuffered  no  other  alteration,  except 
being  a little  more  moiftened.  The  gaftric 
fluid  is  therefore  incapable  of  effecting  the 
folution  of  thefe  vegetable  matters. 

LXII.  Eut  we  have  before  faid,  that  they 
were  entire  ; on  which  account,  this  juice 
could  not  aft  upon  the  farcinaceous  fubftance 
of  the  grain  till  it  had  traverfed  the  hulk* 
and  this  might  have  diminifhed  its  efficacy. 
In  order  to  determine  how  far  the  fufpicion 
was  well-founded,  it  became  necelfary  to  re- 

(a)  Thefe  tubes  were  the  fame  I ufed  for  gallinaceous 
fowls,  arid  l continued  to  employ  them  in  the  fequel. 
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peat  the  experiment  upon  the  fame  feeds 
bruifed.  This  was  done,  and  four  tubes  fu]  1 
of  the  coarfe  flour  were  given  to  a crow  : 
they  remained  eight  hours  in  the  ftomach, 
and  proved  the  juftnefs  of  my  fufpicion;  for 
upon  examining  the  contents,  I found  above 
a fourth  part  wanting.  This  could  arife  from 
no  other  caufe  but  folution  in  the  gaftric  li- 
quor, with  which  the  remainder  was  fully 
impregnated.  Another  obfervation  concur- 
red in  proving  the  fame  propofition  : the 
largeft  bits  of  wheat  and  bean  were  evidently 
much  diminifhed;  this  muff  have  been  owing 
to  the  gaftric  liquor  having  corroded  and  dif- 
folved  good  part  of  them,  as  the  nitrous  acid 
diluted  with  a large  quantity  of  water,  gra- 
dually confumes  calcareous  fubftances.  I re- 
placed what  remained  of  the  feeds  in  the  tubes, 
and  committed  them  again  to  the  ftomach, 
wherein  they  remained,  at  different  intervals, 
twenty-one  hours;  at  the  end  of  which  pe- 
riod they  were  entirely  diftolved,  nothing 
being  left  but  fome  pieces  of  hulk  and  a few 
inconftderable  fragments  of  the  feeds. 

LXIII.  Wheat  and  beans  floating  loofe  in 
the  cavity  of  the  ftomach,  undergo  the  fame 
alteration  as  in  the  tubes.  When  I fed  my 
crows  with  thefe  feeds,  I obferved,  that  be- 
fore they  fwallowed  them  they  fet  them  un- 
der their  feet,  and  reduced  them  to  pieces  by 
repeated ftrokes  of  their  long  and  heavy  beaks. 
And  now  they  digefted  them  very  well  ; nay, 
this  procefs  was  very  rapid  in  comparifon 
x)f  that  which  took  place  within  the  tubes. 
But  when  the  birds  either  from  exceflive 
-hunger  or  violence  fwallowed  the  feeds  en- 
tire, the  greateft  part  of  them  pafled  cut  en- 
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tire  at  the  anus,  or  were  vomited.  We  can- 
not therefore  he  furprized,  that  the  gaftric 
juice  could  not  difiolve  them  within  the 
tubes,  fince  it  was  incapable  of  effecting  this 
procefs  within  the  cavity  of  the  ftomach, 
where  its  folvent  power  is  far  fuperior. 

LXIV.  To  avoid  being  tedious,  I will  not 
fpeak  of  other  feeds  fubmitted  to  the  fame 
experiments;  fuch  as  chicken-peafe,  French 
beans,  peafe,  and  nut-kernels.  I will  rather 
mention  vegetable  matters  of  a fofter  and 
more  yielding  texture,  which  did  not  require 
to  be  broken  in  order  to  be  diffolved  ; fuch 
as  crumb  of  bread  and  apples.  Thefe  fub- 
ffances  are  not  only  diffolved  within  the  tubes, 
but  require  a much  (horter  time  than  beans 
and  wheat.  Several  bits  of  a ripe  apple, 
weighing  eighty-two  grains,  were  put  into 
fome  tubes,  and  diffolved  in  the  fpace  of 
twenty-four  hours  in  the  ftomach  of  a crow. 
Four  bits  of  another  apple,  weighing  an 
hundred  and  three  grains,  were  diffolved  in 
little  more  than  fifteen  hours.  Of  an  hun- 
dred and  feven  grains  of  crumb  of  wheaten 
bread,  there  only  remained  eleven  after  the 
fpace  of  thirteen  hours. 

LXV.  From  vegetable  I proceeded  to  ani- 
mal lubffances.  The  greedinefs  which  crows 
Ihew  for  thefe  afforded  a certain  prefage,  that 
they  would  be  diffolved  within  the  tubes.  I 
filled  eight  tubes  with  beef,  and  gave  them 
to  four  crows,  two  to  each.  The  flefh  was 
not  minutely  bruifed,  as  in  the  cafe  of  galli- 
naceous fowls  (XLII),  but  each  tube  con- 
tained an  entire  piece.  An  hour  had'  fcarce 
elapfed  when  one  was  thrown  up.  The  fielh, 
upon  examination,  did  not  appear  to  be  fen- 
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fibly  diminifhed,  but  it  was  thoroughly  foak- 
ed  in  the  gaftric  liquor.  The  juice  was  a 
little  bitter,  and  of  a yeliowifh  green  colour  j 
the  flefh  had  acquired  the  fame  tafte  and  co- 
lour in  feveral  places.  In  an  hour  and  three 
quarters  two  other  tubes  were  vomited  up  ; 
and  now  the  flefh  began  to  fhew  marks  of 
folution.  The  red  colour  was  changed  to  a 
dark  cineritious  hue,  and  the  whole  furface 
was  become  flabby,  and  the  cohefion  of  the 
parts  was  deftroyed.  In  another  tube,  dif- 
charged  after  the  fpace  of  two  hours  and  an 
half,  the  folution  had  made  a greater  pro- 
grefs.  A dark  covering  of  jelly  furrounded 
the  flefh,  which  came  away  when  it  was 
touched  with  the  fingers  ; when  applied  to 
the  tongue,  it  hardly  exhibited  the  flavour  of 
flefh.  The  folution  had  proceeded  ftill  fur- 
ther in  four  hours.  At  the  expiration  of  that 
time  two  other  tubes  were  thrown  up;  in 
thefe  the  flefh  did  not  amount  to  half  the 
original  quantity.  The  remainder  was  fur- 
rounded  by  the  fame  gelatinous  covering, 
under  which  it  preferved  its  natural  colour, 
fibrous  ftruCture,  and  favour.  There  remain- 
ed only  two  tubes,  which  were  vomited  up 
feven  hours  after  they  had  been  taken.  Both 
were  empty,  the  flefh  therefore  had  been 
completely  diflolved,  except  a few  bits  of 
jelly  that  adhered  to  the  infide.  I never 
could  perceive  the  final  left  token  of  putre- 
faction either  during  the  progrefs,  or  at  the 
completion  of  the  folution.  And  this  ob- 
l'ervatioii,  that  I may  not  be  under  the  necel- 
fity  of  repeating  it  continually,  is  to  be  ex- 
tended to  all  the  solutions'  performed  not 
only  by  other  crows,  but  by  all  the  animals 
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that  I filali  have  occafion  to  mention  in  this 
work  ; for  I can  aflert  with  the  utmoft  con- 
fidence, that  I have  never  been  fenfible  of  the 
flighted:  flench  either  in  flefh  or  any  other 
fubflan.ee  which  I introduced  in  tubes  or  any 
other  way. 

Nothing  could  be  more  fatisfadtory  than 
the  information  obtained  from  this  experi- 
ment. It  not  only  rigoroufly  demnnftrat.es, 
.that  the  gaftric  liquor  of  .crows  is  the  folvent 
of  flefh  inclofed  in  tubes  without  borrowing 
the  leaft  aid  from  trituration,  but  it  throws 
ftill  ftronger  light  upon  the  mode  of  opera- 
tion of  this  menftruuin  in  the  gallinaceous 
clafs.  It  begins  by  foftening  the  texture  and 
altering  the  colour  ; next  fucceeds  the  de- 
composition of  the  parts  -,  this  tranfmutes 
the  flefh  into  a kind  of  jelly  of  a tafte  dif- 
ferent from  that  of  flefh  : the  jelly  is  then 
more  thoroughly  penetrated  by  the  juice  and 
extracted  out  of  the  tubes,  and  in  the  fto- 
mach  is  changed  into  chyle.  It  appeal's  alfo, 
that  this  fluid  does  not  penetrate  deeply  into 
the  flefh,  but  adts  on  the  furface  only,  dif- 
folving  and  removing  one  layer  a,t  a time,  if 
we  may  lo  fpeak,  like  other  corroding  men- 
ftrua,  until  it  comes  to  the  innermoft  part, 
which  it  alfo  foftens  and  melts. 

LX VI.  We  have  feen,  that  the  flefh  in  the 
tubes  fhewed  no  fign  of  folutipn  tifi  an  Jiour 
and  three  quarters  had  elapfed,  and  that  this 
procefs  was  completed  at  the  end  of  feven 
hours  (LXV).  But  are  we  to  conclude,  that 
this  is  the  meafure  of  the  time  required  hy 
the  gaftric  liquor  for  this  operation  ? or  that 
it  would  have  been  accomplilhed  in  a fhorter 
time,  if  the  liquor  had  had  free  accefs  to  the 
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flefh  ? for  it  is  certain,  that  the  tubes  are  no 
fmall  impediment  to  the  gaftric  juice.  What 
then  would  happen  if  the  impediment  was  in 
part  removed  ? and  what  when  it  is  entirely 
taken  away,  by  putting  the  flefh  loofe  into  the 
ftomach  ? In  order  to  folve  the  firft  of  thefe 
interefting  queftions,  I enlarged  the  perfora- 
tions in  the  fides  of  the  tubes  as  much  as 
poffible  (VII),  then  filled  them  with  beef, 
as  before  (LXV),  and  introduced  them  into 
the  ftomach s of  feveral  crows.  I now  per- 
ceived with  pleafure  the  fuperior  efficacy  of 
the  gaftric  liquor.  In  an  hour  and  an  half 
three  of  the  tubes  were  thrown  up,  and  above 
a fourth  of  the  flefh  appeared  to  be  wafted. 
Two  other  tubes  were  difcharged  in  lefs  than 
two  hours,  and  contained  little  more  than 
half  of  their  original  quantity.  And  before 
the  completion  of  the  fourth  hour,  the  re- 
maining tubes  were  entirely  empty. 

L/XVII.  Before  I proceeded  to  the  other 
queftion,  I thought  of  inverting  the  forego- 
ing experiment  (LX VI),  and  inftead  of  al- 
lowing freer  accefs  to  the  gaftric  juice,  of 
impeding  it  more  and  more,  and  at  laft  hin- 
dering it  almoft  entirely.  I began  with  em- 
ploying the  ufual  tubes  wrapped  in  cloth; 
this,  although  it  was  thin,  was  fufficient  to 
prevent  the  folution  of  the  flefh,  which  now 
did  not  begin  to  take  place  till  three  hours 
after  the  tubes  were  introduced  into  the  fto- 
mach, and  was  not  completed  till  ten  had 
elap  fed. 

The  linen  in  which  the  tubes  had  been 
wrapped  was  fingle,  I now  doubled  it  in  or- 
der to  hinder  the  ingrefs  of  the  liquor  more 
effectually,  and  repeated  the  experiment  in 
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the  lame  manner.  The  flefh  afforded  no  token 
of  folution  for  four  hours,  and  was  not  en- 
tirely diffolved  for  a whole  day. 

Upon  wrapping  round  another  fold  the  folu- 
tion  did  not  begin  till  nine  hours  had  elapfed, 
and  at  the  end  of  a day  the  flefh  was  fcarce 
half  confuted.  In  other  refpe&s  the  gaftric 
juice  had  adted  upon  the  flefh  juft  as  it  does 
in  open  tubes,  excepting  only  the  llownefs 
of  its  operation.  It  was  become  externally 
gelatinous,  and  incoherent  in  its  parts.  It 
was  tinged  yellow  in  Teveral  places  ; the  tafte 
and  fmell  at  the  furface  were  not  different 
from  thofe  of  the  gaftric  liquor. 

I concluded  thefe  experiments,  by  trying 
what  would  be  the  effed:  of  putting  flefh 
into  tubes  with  only  three  or  four  holes. 
After  they  had  continued  nine  hours  in  the 
ftomach,  the  refult  was  as  follows  : fmall  ex- 
cavations of  greater  or  lefs  depth  were  made 
in  the  parts  oppoflte  to  the  pores,  and  from 
thefe  excavations  fmall  furrows  wandered  ir- 
regularly along  the  furface  of  the  flefh.  The 
flefhy  fibres  both  in  the  cavities  and  furrows 
were  become  exceedingly  tender,  they  had  be- 
fides  loft  their  red  colour,  and  were  turned  yel- 
low. The  reft  of  the  flefh  was  unaltered. 
From  what  has  been  faid  before,  the  origin  of 
the  cavities  and  furrows  evidently  appears  to 
have  been  derived  from  the  gaftric  juice, 
which  by  infinuating  itfelf  through  the'  little 
perforations,  had  there  diffolved  and  deftroyed 
the  flefh  ; the  reft  remained  entire,  becaufe 
none  of  the  juice  could  enter,  if  we  except 
a very  flender  ftream,  which  had  produced 
the  furrows. 
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L XVIII.  Let  us  now  proceed  to  the  fc- 
cond  queftion,  by  which  we  are  led  to  exa- 
mine how  mudi  more  readily  flefh  lying  loofe 
in  the  ttomach  is  digefted  than  when  it  is  pn- 
clofed  in  tubes.  Taking  fonie  of  the  fame 
kind  of  flefh  that  had  been  4 fed  before,  viz. 
beef,  I parted  it  into  two  equal  portions,  one 
of  which  was  again  divided  into  fmaller  hits 
before  it  was  put  into  the  tubes,  while  the 
other  was  left  entire.  Each  portion  weighed 
eleven  pennyweights.  I next  gave  the  tubes, 
wide])  were  eight  in  number,  to  a crow,  and 
tó  another  bird  of  the  fame  fpeeies,  equally 
healthy  and  rob u ft,  I gave  at  the  fame  time 
the  whole  portion  of  flefh,  to  which  I had 

Jirevioufly  fattened  a thread.  This  thread, 
ranging  out  of  the  bird’s  mouth,  and  being 
wrapped  round  the  neck,  I could  draw  up 
and  examine  the  fletti  at  pleafure.  And  that 
every  circumttance  might  be  alike,  I had 
taken  care  that  the  two  crows  fhould  haye 
their  ftomachs  empty.  In  thirty-fix  minutes 
one  of  the  tubes  was  vomited,  and  at  the 
fame  inftant  I drew  up  the  fletti  from  the  fto- 
madh  of  the  other  crow.  T'he  hitter  was 
throughly  imbibed  with  gaftric  juice,  efpe- 
ciially  the  part  that  retted  upon  the  bottom  of 
the  ttomach . It  had  loft  its  rednefs,  and  was 
now  of  a dirty  colour  -3  it  weighed  forty-two 
grains  lefs  than  at  fir  ft  -,  on  the  contrary,  the 
fletti  enclofed  in  the  tube  retained  its  original 
weight. 

The  tube  and  the  fletti  tied  to  the  firing, 
were  replaced  in  their  refpective  fi tuat ir- 
ons ; and  in  order  that  both  might  remain 
the  fame  length  of  time  in  the  ttomach, 

I took  care  io  return  the  tubes  as  they 

were 
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were  thrown  up.  The  fletti  was  entirely  dif- 
folved  in  three  hours,  when  I immediately 
killed  the  crow  that  had  the  tubes.  Upon 
colleding  and  weighing  all  the  fletti  that  re- 
mained in  them,  1 found  it  to  amount  to 
about  feven  pennyweights.  Hence  in  three 
hours  and  nine  minutes  it  had  loft  four  penny- 
weights. 

On  the  other  hand,  the  flefh  tied  to  the 
ft  ring  was  reduced  to  half  a pennyweight, 
which  confifted  of  a packet  of  membranous 
or  cellular  fibres,  the  flefhy  part  having  been 
entirely  diffolved.  This  experiment  clearly 
ttiews,  that  fiefh  left  loofe  in  the  ftomach  is 
more  lpeedily  digefted  than  when  it  is  en- 
clofed  in  tubes.  And  theory  perfectly  agrees 
with  fad  ; for  fince  folution  is  the  effed  of 
the  gaftric  fluid,  it  is  evident  that  the  food, 
when  loofe  in  the  ftomach,  is  attacked  by  a 
larger  quantity  than  when  defended  by  the 
tubes. 

LXIX.  Young  crows,  as  wrell  as  all  other 
young  birds,  eat  more  than  the  adult  ; hence 
I fufpeded  their  digeftion  to  be  quicker. 
Having  a neft  of  the  grey  fpecies  brought  me 
in  June,  I made,  among  others,  the  experi- 
ment related  in  the  laft  paragraph.  The  re- 
fult  was  very  fatisfadory.  A quarter  of  an 
ounce  of  beef,  fattened  as  before,  to  a thread, 
had  fcarce  touched  the  ftomach,  when  the 
folution  began,  and  in  forty-three  minutes 
was  completed  ; but  an  equal  quantity  diftri- 
buted  in  feveral  tubes,  required  four  hours 
and  a half  to  be  difl'olved.  Upon  opening  the 
ftomachs  of  the  two  young  birds,  I imme- 
diately perceived  the  caufle  of  this  rapid  fo- 
lution ; they  -contained  half  a fpoonful  of 

gaftric 
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gaftric  fluid  ; a quantity  feldom  met  with  in 
the  ftomach  of  adult  crows.  As  the  neft- 
lings  require  more  food.  Nature  has  furnifh- 
ed  them  with  the  means  of  an  cafier  and  more 
fpeedy  digeftion. 

It  is  fcarce  neceflary  to  remark,  that  the  ex- 
periments related  in  the  LVth  and  following 
paragraphs,  clearly  evince  this  important 
truth,  that  the  digeftion  of  food  is  propor- 
tional to  the  quantity  of  gaftric  juice  ading 
upon  it.  When  this  liquor  comes  in  con  tad 
only  with  a fewr  points,  the  decompofition  is 
very  flow  and  inconfiderable  (LXVJI)  ; when 
freer  accefs  is  allowed,  the  folution  takes 
place  more  fpeedily,  and  is  more  confiderable, 
(LXV,  LXVI)  ; it  is  very  rapid,  when  every 
obftacle  is  removed,  and  the  food  is  on  all 
fides  expofed  to  the  adion  of  the  folvent 
liquor,  (LXVIII,  LXIX). 

LXX.  It  is  a queftion  of  ancient  date,  and 
ft  ill  agitated  by  modern  phyfiologifts,  whe- 
ther certain  carnivorous  animals  are  capable  of 
digefting  bone.  Among  the  various  points, 
which  I propofed  to  difcufs  in  the  prefen t 
work,  I conceived  that  this  well  deferved  the 
rcficdion  and  attention  of  the  philofopher  ; I 
fthall  therefore  both  here,  and  in  another  part 
of  my  work,  relate  what  I have  obferved  on 
the  fubjed.  If  we  look  at  a crow  and  a bird 
of  prey  devouring  an  animal,  wefhall  be  dii  - 
poled  to  think  that  the  latter  has  the  power 
nf  dift'olving  bone,  but  not  the  former. 
When,  for  inftance,  a hawk  takes  a pigeon, 
it  firft  ftrips  the  back,  and  devours  the  muf- 
cular  part  of  the  breaft;  then  proceeds  to  the 
entrails;  and,  laftly,  fwaliows  the  ribs,  ver- 
tebrae and  head,  not  even  fparing  the  feet  and 

wings. 
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wings,  if  it  fhould  happen  to  be  very  hun- 
gry. When  the  fame  bird  is  given  to  a crow, 
ft  fets  about  dripping  off  the  flefh  ; but  when 
it  has  picked  this  clean,  it  leaves  the  ikele- 
ton.  This  rejection  of  the  bones,  is  how- 
ever very  far  from  being  an  indubitable  proof, 
in  the  edimation  of  the  philofopher,  that 
they  are  incapable  of  digelring  them.  At 
mod  it  inclines  us  to  believe  it  probable; 
but  fuch  probability  requires  to  be  confirmed 
by  fadls  : and  being  engaged  in  enquiries  of 
this  nature,  I could  conveniently  iubmit  it 
to  the  ted  of  experiment.  As  I happened  to 
be  provided  with  fome  phalanges  of  the  hu- 
man toes,  I enclofed  two  in  one  of  the  ufual 
tubes,  which  remained  thirteen  hours  in  the 
domach.  They  weighed  fifteen  pennyweights 
at  fird;  nor  was  this  weight  at  all  diminifn- 
ed,  or  the  bones  in  the  lead  foftened.  In 
doubt  whether  the  too  great  thicknefs  of 
thefe  bones  might  not  have  prevented  the 
gadric  juice  from  adting  upon  them,  I had 
recourfe  to  fmaller  ones.  Happening  one 
day  to  find  one  of  my  crows  dead  in  the  apart- 
ment where  I kept  them,  and  the  red  anem- 
bled  round  the  carcafe  in  crouds,  and  de- 
vouring it  eagerly,  I took  one  of  the  tibia, 
broke  it  in  two,  and  enclofed  it  in  a tube. 
The  tube  continued  a whole  day  in  the  do- 
mach of  another  crow,  but  the  bone  was 
neither  foftened,  or  diminidied  in  weight. 
The  fame  thing  was  alfo  oblervable,  after  the 
hone  had  been  left  loofe  in  the  domach  for 
fourteen  hours  longer. 

LXXI.  The  greedinefs  with  which  the 
crows  devoured  tneir  companion,  induces  me 
to  digrefs,  for  the  fake  of  noticing  a midake 

of 
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of  the  celebrated  Dr.  Cheyne.  He  pretends, 
that  crows  cannot  digeft  the  flefh  of  their 
own  fpecies  ; and  that  when  they  happen  to 
fwallow  it,  they  vomit  it  up  again.  “ Ipfa 
Cornix  (fays  Haller,  on  the  authority  of 
Cheyne)  cornicis  canem  ingeftam  non  poteft 
coquere  & deglutitam  vomitu  rejicit  (a).” 
But  the  truth  is,  that  the  flefh  which  my 
crows  devoured  agreed  very  well  with  them, 
nor  did  they  throw  any  of  it  up  àgain.  Fur- 
ther, in  order  to  determine  certainly  whether 
the  above-mentioned  writer  had  fallen  into  an 
error  or  not,  I killed  and  plucked  another 
crow,  and  threw  it  into  the  chamber  where 
its  companions  were  kept,  when  they  imme- 
diately leaped  upon  it,  and  devoured  it  with 
the  fame  avidity  as  they  had  done  the  other, 
without  afterwards  vomiting  the  leaf!:  parti- 
cle of  it.  Upon  killing  and  opening,  three 
hours  afterwards,  one  which  appeared  to  have 
loaded  its  ftomach  more  than  any  of  the  reft, 
I found  the  flefh  partly  diffolved,  and  in  the 
form  of  a femifluid  pulp,  and  partly  in  the 
procefs  of  folution,  the  very  ftate  in  which 
I had  feen  other  flefh. 

LXXII.  But  let  us  return  to  the  bones. 
It  appears  that,  whether  large  or  fmall,  they 
are  alike  infoluble  in  the  gaftric  juices  of 
crows  (LXX).  But  is  this  true  likewife  with 
refpeht  to  thofe  of  a foft  ftru6ture,  and  which 
approach  to  the  nature  of  a cartilage  ? This 
was  precifely  what  I wifhed  to  know;  and  in 
order  to  determine  it,  I made  ufe  of  another 
tibia,  taken  from  an  unfledged  crow,  and 
which  therefore  had  not  acquired  its  natural 
rigidity,  though  it  was  fo  hard  as  to  break, 
when  I tried  to  bend  it  : and  now  the  gaftric 

(a)  Phifiol.  T.  6. 
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liniior  was  not  inactive.  Of  fifteen  grains, 
which  it  weighed  at  firft,  it  had  loft  five, 
when  it  had  continued  fix  hours  in  the  fto- 
mach  enclofed  in  a tube.  It  was  become  fa 
foft,  that  it  was  capable  of  being  bent  into 
the  Ih  ape  of  an  arch.  It  continued  to  wafle 
and  become  fofter  ; and  when  it  had  remain- 
ed twenty-feven  hours  in  the  ftomach,  it  was 
fo  much  reduced  as  to  refembie  a thin  tube 
of  paper.  It  was  not  at  all  gelatinous  ; and 
when  it  was  prefied  between  the  fore-finger 
and  thumb,  it  fhewed  fome  elafticity,  by  re- 
covering its  former  fhape  when  thè  p refi  are 
was  removed.  It  was  not  fcabrous  either  in- 
ternally or  externally,  but  had  rather  acquir- 
ed a greater  degree  of  fmoothnefs  during  its 
folutiort.  In  five  hours  longer  conccdlion  it 
loft  the  fhape  of  a tube,  and  was  totally  re- 
duced to  pieces. 

LXXIII.  I tried  other  tender  bones  be- 
longing to  larger  animals  ; and  more  or  lei's 
of  them  was  diftblved,  but  with  difficulty, 
and  after  a very  long  interval.  The  folution 
was  morefpeedy  in  young  crows,  probably  on 
account  of  the  greater  abundance  of  their 
gaftric  juices  (LXIX). 

With  refpeft  then  to  the  queftion  concern- 
ing bones,  we  muft  conclude  that  they  are 
indigeftible  by  crows,  except  only  Inch  as,  011 
account  of  their  foftnefs,  are  rather  to  be  cón- 
lidered  as  cartilage  than  bone. 

LXXIV.  In  the  preceding,  as  well  as  the 
preient  diftèrtation,  I have  alv/ays  lnoken  of 
the  ftomach  as  the  place  deftined  for  the  con- 
cofilion  of  food.  And  in  truth,  whether  we 
con  Cult  antient  or  modern  phyfiologifts,  or 
confider  my  experiments,  it  will  appear  fo 

clearly 
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clearly  proved,  that  it  would  be  abfurd  to  en- 
tertain a doubt  of  it.  But  it  may  be  proper  to 
enquire  whether  this  operation  belongs  ex- 
clufively  to  the  fromach  in  the  birds  in  quef- 
tion,  or  is  partly  carried  on  in  the  oefopha- 
gus.  The  foundation  of  this  enquiry  refls 
upon  the  manifeft  decompofition,  which  has 
been,  obferved  in  that  part  of  the  food  that 
is  found  in  the  oefophagus  of  fonie  animals, 
as  among  others  in  the  fea-crow  and  the 
pike  [a).  In  order  therefore  to  afcertain  this 
point,  I was  led  to  make  a few  experiments, 
which  I will  relate  after  I have  given  a fhort 
defeription  of  the  oefophagus  and  ftomach  in 
crows,  and  of  the  fources  of  the  refpe&ive 
liquors  in  thefe  tw'o  cavities. 

LXXV.  The  oefophagus  is  membranous, 
and  has  no  craw.  When  dilated  it  is  cylin- 
drical, if  we  except  a flight  contraction  in 
the  middle.  To  the  naked  eye  it  would 
leem  deftitute  of  follicular  glands,  wrhich 
however  become  confpicuous  when  it  is  view- 
ed with  a glafs.  They  are  in  fuch  abundance, 
that  there  is  not  a lingle  point  of  this  canal 
without  numbers  of  them.  The  excretory 
dufits  are  fcarce  difcernible,  though  they  emit 
the  liquor  of  the  follicles  in  great  plenty. 
To  fee  this,  it  is  fufheient  to  pafs  the  pulpy 
part  of  the  finger  over  them.  The  liquor  is 
of  a vifeid  nature,  of  a cineritious  white  co- 
lour, and  fomewhat  fweetifh  to  the  tafte. 

The  inferior  part  of  the  oefophagus,  has  the 
fame  kind  of  fiefhy  fafeia  that  has  been  no- 
ticed in  birds  with  mufcular  ftomachs.  This 

(a)  Helvetius  Mem.  cle  l’Acad.  1719.  Plot  Nat. 
Irjiit.  of  StafFordfhire. 
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Aiicia  in  crows  is  fcarce  an  inch  long  ; and 
in  them  too,  as  well  as  in  the  clafs  of  birds 
juft  mentioned,  is  a tifine  of  large  follicular 
glands  very  evident  to  the  naked  eye,  of  a 
roundiih  figure,  and  full  of  a fweet  fluid,  lefs 
vifcid  than  that  in  the  finali  follicles  in  the 
membranous  part  of  the  cefophagus*  but 
more  denfe>  and  of  a lighter  cineritious  hue. 

LXXVI.  In  the  gallinaceous  tribe  we  have 
fpoken  of  three  -coats,  the  cartilaginous, 
nervous*  and  mufcular  (XLVIII,  XLIX), 
which  principally  compofetheftomach.  Thefe 
three  coats  are  likewile  found  in  birds  with 
an  intermediate  ftomach  4 When  the  carti- 
laginous is  feparated  from  the  nervous  coat, 
and  the  latter  is  viewed  with  the  naked  eye, 
it  is  feen  to  contain  a multitude  of  whitifh 
little  bodies  inchafed  in  it,  which  have  the 
appearance  of  points  ; but  when  examined  by 
the  microfcope,  change  their  appearance  to 
that  of  follicular  glands,  much  finaller  than 
thofe  in  the  flelhy  fafcia  (LXXV)  ; thefe  fol- 
licles are  full  of  a vifcid  liquor,  which  they 
difcharge  at  the  extremity  turned  towards 
the  ftomach,  when  they  are  prefled  by  the 
finger,  or  any  other  body.  The  difcovery  of 
thefe  glands  in  the  nervous  coat  having  af- 
forded me  room  for  imagining,  that  they 
might  empty  their  contents  into  the  ftomach, 
1 examined  the  cartilaginous  coat  with  great 
attention,  in  order  to  try  if  I could  find  any1 
minute  pores  for  the  tranfmiffion  of  the  li- 
quor into  the  cavity  of  that  vifeus  ; but  I 
acknowledge  ingenuoufly,  that  I could  not 
difeover  any.  This  however  by  no  means 
proves  their  non-exiftence;  for  they  may  be 
fo  finali  as  to  evade  the  fight,  even  when 
Vol.  I.  F aided 
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aided  by  the  microfcope.  And  I cannot  but 
believe,  that  thele  follicles,  of  which  the  ex- 
cretory dufts  are  turned  towards  the  ftomach, 
are  delfined  by  nature  for  pouring  their  con- 
tents into  that  organ. 

LXXVII.  I now  proceed  to  enquire  whe- 
ther, exclufively  of  theftomach,  digeftion  is 
at  all  performed  in  the  cefophagus  of  crows. 
In  order  to  determine  this,  I firmly  fixed  to 
an  iron  wire  two  equal  pieces  of  veal,  one  of 
them  to  the  end  of  the  wire,  and  the  other 
two  inches  above.  I then  forced  it  down  the 
throat  of  an  hungry  unfledged  crow;  the 
piece  faftened  to  the  end  lay  in  the  ftomach, 
while  the  other  occupied  the  cefophagus. 
To  prevent  them  being  thrown  up,  a firing, 
faftened  to  the  upper  end  of  the  wire,  came 
out  at  the  mouth,  and  was  tied  round  the 
beak.  Thus  I was  enabled  to  draw  up  the 
flelh  at  pleafure,  and  examine  how  much  it 
was  diflolved.  In  an  hour  the  piece  that  lay 
in  the  ftomach  was  quite  con  fumed,  except 
a little  cellular  fuhftance y but  the  other  piece 
was  entire.-  It  was  again  introduced  into 
the  cefophagus,  and  re-examined  an  hour  af- 
terwards ^ but  noW  the  eefophageal  liquor 
had  begun  to  adt  upon  the  flefh  : its  weight 
at  firft  was  fix  pennyweights,  bat  now  only 
ft  ve  and  an  hai  ft  It  Was  kept  upon  the  whole 
fix  hours  in  the  cefophagus,.  and  loft  nearly 
two  pennyweights.  Thele  experiments  will 
not  permit  me  to  refufe  the  cefophagus  all 
power  of  digeftion,  an  eftedt  undoubtedly  pro- 
duced by  the  fluid  of  tire  follicles  (LXXV)  ; 
but  it  is  in  cor  fiderable  when  compared  with 
that  of  the  ftomach,  linee  this  vifcus  diftblv- 
ed  fix  pennyweights  of  llelh  in.  an  hour, 
j,  while 
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while  the  cefophagus  diffolved  but  two  in 
fix  hours. 

LXXVIII.  The  experiments  I afterwards 
made  on  young  crows  were  ftill  more  deci- 
live.  The  fame  wire  was  employed,  and  two 
bits  of  flefh  were  faftened  to  it  juft  in  the 
fame  manner,  the  one  occupying  the  fto- 
mach,  the  other  the  cefophagus.  The  for- 
mer piece  was  generally  quite  difiolved  before 
the  folution  of  the  other  began,  though  in 
time  this  alfo  was  very  fenfibly  wafted.  1 his 
diminution  upon  one  occafon  amounted  to 
five  pennyweights  in  the  fpace  of  thirteen 
hours. 

LXXIX.  Laftly,  in  order  to  determine  whe- 
ther it  was  part  only  of  the  cefophagus  or  the 
whole  of  that  canal  in  crows  which  poftefles 
the  power  of  folution,  I formed  a cylinder  of 
flefh  half  an  inch  thick,  and  of  the  length  of 
the  cefophagus  and  ftomach  taken  together. 
I faftened  this  cylinder  longitudinally  to  the 
Wire  employed  before,  and  forced  it  down  the 
throat  of  a crow,  fo  that  one  end  touched 
the  bottom  of  the  ftomach,  and  the  other 
reached  almoft  to  the  mouth.  In  a quarter 
of  an  hour  the  whole  circumference  of  the 
cylinder  was  imbibed  with  a fluid,  but  at  the 
lower  end  only,  which  refted  upon  the  bot- 
tom of  the  ftomach  ; the  flefh  had  begun  to 
be  diflblved;  here  it  was  become  whitifh. 
In  about  an  hour  for  near  an  inch,  i.  e.  for 
the  whole  length  of  the  ftomach,  fcarce  any 
of  the  cylinder  was  left;  and  what  little  re- 
mained Vvas  gelatinous  and  had  loft  its  cohe- 
fion,  while  the  portion  that  lay  in  the  oefo- 
phagus  appeared  to  be  unchanged  : but  it  did 
not  continue  fo;  a fort  of  erolion  began  to 
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take  place  along  the  cylinder,  which  went' 
on,  but  with  extreme  flownefs.  And  as  this 
erofion  extended  along  the  whole  length  of 
the  cylinder,  I had  reafon  to  believe  the  whole 
length  of  the  canal  capable  of  concerting  the 
food  in  a fmall  degree,  whenever  it  happened 
to  be  lodged  there  for  feveral  hours.  But 
fuch  an  event  never  happens  when  crows  take 
their  food  at  pleafure,  fmee  the  pieces  never 
exceed  the  length  of  the  ftomach.  in  this 
refpedt  they  differ  from  fome  other  animals, 
in  which  the  food,  after  they  have  fwallow- 
ed  it,  reaches  into  the  cefophagus. 

LXXX.  Upon  confidering  the  great  quan- 
tity of  fluid  continually  dropping  into  the 
craw  of  gallinaceous  fowls  (LII),  it  appeared 
highly  probable,  that  the  concodfion  of  the 
food  is  not  a little  promoted  by  the  delay  it 
makes  there  before  it  falls  into  the  ftomach. 
But  the  fadt  is  juft  the  reverfe.  The  aliment 
is  indeed  foftened  and  macerated  (LII),  but 
I could  never  perceive  that  it  was  at  all  dif- 
folved  : at  Ieaft,  I could  never  fee  any  trace 
of  it  on  feveral  vegetable  matters,  which  had 
been  long  retained  in  the  craw.  In  a fpace 
more  or  lefs  fhort  they  become  foft,  and  are 
imbibed  with  a fluid  ; but  I have  not  been 
able  to  perceive,  that  they  were  in  the 
leaft  difloived.  We  muft  therefore  conclude, 
that  the  oefophageal  liquor  in  gallinaceous 
fowls  is  different  from  that  of  crows. 

LXXXI.  But  why  is  the  food  lb  foon  di- 
gefted  in  the  ftomach,  and  fo  llowly  in  the 
cefophagus  ? Is  it  becaufe  the  gaftric  fluid  is 
more  efficacious,  or  in  greater  quantity,  than 
the  cefophageal  ? What  are  the  properties  and 
cbaradteriftic  marks  of  thefe  two  liquors  ? 
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May  we  hope  that  experiments  out  of  the 
body  will  be  as  inftrudtive  as-  thofe  made  in 
it  ? 'To  enable  myfelf  to  procure  a large  quan- 
tity of  thefe  fluids  at  pleafure,  was  the  firft 
ftep  towards  the  folution  of  thefe  problems. 
And  as  fuch  a quantity  could  not  be  eafily 
got  by  killing  the  birds,  it  became  neceffary 
to  invent  a contrivance  for  obtaining  it  from 
them  alive.  To  put  bits  of  dry  fpunge  into 
the  tubes,  and  leave  them  fome  time  in  the 
cefophagus  and  ftomach,  appeared  to  be  the 
beft  means  of  attaining  this  end;  for  they 
muff  neceffarily  be  faturated  with  the  liquor 
of  thefe  cavities,  and  when  vomited  or  drawn 
up,  will  fupply  the  experimenter  with  a con- 
fiderable  quantity,  provided  he  has  ufed  many 
tubes.  Three  tubes  were  introduced  into  the 
ffomach  of  a crow,  and  four  hours  afterwards 
vomited' up;  the  three  little  fpunges,  when 
they  were  taken  out  and  preffed  between  the 
fingers,  afforded  thirty-feven  grains  of  gaffric 
liquor,  which  was  frothy,  of  a turbid  yellow 
colour,  had  an  intermediate  taffe  between  bit- 
ter and  fait,  and  being  fet  to  ffand  in  a watch - 
glafs,  depofited  in  a few  hours  a copious  fe- 
diment.  As  the  fediment  appeared  to  arile 
from  the  food  that  was  dilfolved  by  the  gaffric 
juice  (for  the  bird  had  taken  food  a little  be- 
fore it  lwallowed  the  tubes)  I repeated  the 
experiment  upon  another  crow,  of  which  the 
ftomach  was  empty,  and  continued  fo  till  the 
tubes  were  thrown  up.  This  precaution  I 
ever  afterwards  ob.ferved,  at  the  fame  time 
taking  care,  that  the  faff  did  not  laff  too  long, 
leff  it  fhould  induce  a morbid  ffate  in  the 
animal.  I was  likewife  careful  to  cleanfe  the 
fpunges  from  every  impurity,  by  repeated 
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wafhings  and  dryings,  before  I made  ufe  of 
them  again.  Upon  repeating,  with  thefc  pre- 
cautions, the  foregoing  experiment  with  the 
three  tubes,  I obtained  thirty-three  grains  of 
gaftric  juice  In  a fiate  of  purity.  It  differed 
from  the  former  in  being  of  atranfparent  yel-, 
low  colour,  and  in  depositing  very  little  fedi- 
ment  ; it  had  the  fame  bitter  and  fait  tafte. 
It  appeared  to  have  very  little  volatility,'  a§ 
it  was  kept  leverai  days  in  a watch-glafs 
without  luffering  almoft  any  diminution. 
When  thrown  upon  burning  coals,  it  extin- 
guilhed  them  infteadof  taking  fire  ; and  when 
brought  near  a candle,  it  did  not  rife  in  flame. 
Further,  paper  foaked  in  it  and  thrown  upon 
the  fire,  did  not  burn  till  the  gaftric  fluid  was 
evaporated.  It  had  not  more  volatility  or  in- 
flammability when  juft  taken  from  the  fto~ 
mach  and  Hill  warm. 

LXXXII.  The  quantity,  which  was  not 
inconfiderable,  obtained  from  three  fpunges, 
gave  me  hopes  of  collecting  enough  for  che- 
mical experiments  at  large,  and  for  attempting 
artificial  digeftion.  Every  crow  was  capable, 
as  I found  upon  trial,  of  taking  eight  inftead 
of  three  tubes  ; and  as  they  would  be  thrown 
up  in  a few  hours,  I could  repèat  the  experi- 
ment feveral  times  a day.  ' Therefore  to  five 
crows,  of  which  I then  happened  to  be  in 
pofleffion,  I gave  forty  tubes  furnifhed  with 
little  fpunges,  i.  e.  eight  to  each.  In  three 
hours  and  a half  all  the  tubes  were  returned 
by  the  mouth,  and  the  quantity  of  gaftric 
fluid  exprefled  from  them  amounted  to  four 
hundred  and  eighty-one  grains.  Many  days 
did  not  elapfe  before  I had  collected  thir- 
teen ounces  of  liquor.  I employed  it  for 
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the  purpofes  for  which  I had  defigned  it, 
and  which  fhall  be  mentioned  in  their  proper 
place. 

LXXXIII,  While  I was  engaged  in  thefe 
experiments,  I obferved  Leverai  remarkable 
things.  The  firft  was,  that  the  gaflric  j uice 
flowed  in  great  abundance  into  the  cavity  of 
the  ftomach  ; it  fometimes  happened,  that  one 
of  the  fpunges  was  brought  up  in  a quarter 
of  an  hour  after  it  had  been  fwallowcd,  and 
in  this  fhort  fpace  it  was  confiderably  loaded, 
and  in  an  hour  as  much  as  it  could  be.  Se- 
condly, when  a conliderable  quantity  of  fluid 
has  been  obtained,  another,  and  even  a third 
may  be  got  immediately.  Sometimes  when 
a crow  has  vomited  up  the  eight  tubes,  I put 
frefh  fpunges  into  them  and  returned  them 
without  delay;  and  this  I repeated  a third 
time  and  found,  that  the  quantity  procured 
the  laft  time  was  as  great  as  the  fecond,  and 
even  the- firftf  Thirdly,  the  fluid  had  always 
the  qualities  above-mentioned  (LXXXI),  if 
we  except  a difference  of  colour.  It  is  com-r 
monly  of  a pale  orange,  but  fometimes  of  a 
cineritious  yellow. 

LXXXIV.  I took  the  fame  method  to 
procure  the  oefophageal  liquor,  with  the  va- 
riation only  of  a fingle  circumflance.  The 
tubes  were  now  fattened  to  threads,  which 
were  brought  out  at  the  mouth,  and  tied 
round  the  beak  to  prevent  its  being  opened. 

Thus  the  tubes  were  fixed  in  the  cefopha- 
gus,  without  the  leaf!  danger  of  their  get- 
ting into  the  ftomach,  or  being  thrown  up. 
ilefides,  I could  draw  them  up  at  pleafure.  I 
introduced  four  tubes  at  once  into  the  cefo- 
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phagus  of  a crow,  and  extracted  them  in 
three  hours.  I learned  from  this  firfl  trial, 
the  fcantinefs  of  the  cefophageal  compared 
with  the  gaftric  fluid.  The  four  fpunges 
lupplied  me  with  eleven  grains  only.  Doubt- 
ing whether  this  might  not  be  mere  accident, 
I repeated  the  experiment  leverai  tipnes,  and 
allowed  the  tubes  tó  remain  longer  in  the 
cefophàgus,  but  the  fpunges  were  very  far 
from  being  fo  thoroughly  fatu  rated  with  fluid 
as  in  the  flomach  ; fo  that  direct  experiment 
proves  the  great' abundance  of  the  gaftric,  in 
companion  with  the  cefphageal  liquor.  If 
the;  flomach  and  cefophàgus  of  a crow  be 
laid  open  longitudinally,  the  latter  "will  be 
found  to  be  moiflened  with  its  proper  fluid 
only,  while  the  former  generally  affords  re- 
ception to  part  of  it  likewife.  Theory  too, 
in  the  preient  cafe,  agrees  with  faff.  The 
natural  pollute  of  crows,  and  indeed  of  moil 
other  birds,  is  fuch,  that  the  liquor  which 
oozes  out  from  the  internal  furface  of  the 
cefophàgus,  cannot  but  hefeend  to  the  lower 
parts  from  the  law  of  gravity,  and  thence 
into  the  flomach.  This  organ  mull  there- 
fore be  the  receptacle  of  the  cefophageal 
fluid;  buf  it  is  more  than  probable,  that  it 
has  a peculiar  fluid  alio  (LXXVI):  befides, 
we  are  certain,  that  the  bile  is  mixed  in  con- 
flderable  quantity  with  the  gaftric" j pices.  I 
'haye  very  frequently  found  the  bottom  of  the 
ftomatffH n crows  full  of  it,  and  this  is  the 
reafon  why’  this  juice  is  always  bitter  and 
yellow.  Further,  upon  opening  the  duode- 
num longitudinally,  I have  perceived  the 
yellowifh  green  veftiges  of  the  bile,  which 
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is  difcharged  into  that  intelaine  at  the  dis- 
tance of  at  lead;  three  inches  from  the  pylo- 
rus through  the  cyftic  dudt,  which  evidently 
arifes  from  the  gall-bladder.  The  conjunc- 
tion of  all  thefe  liquors,  muli  produce  a quan- 
tity of  fluid  far  larger  than  that  which  de- 
rives its  Source  from  the  oefophagus  alone. 
And  I doubt  not  but  this  is  the  reafon,  why 
the  food  is  digefted  more  fpeedily  and  per- 
fectly in  the  Stomach  than  the  oefophagus 
(LXXVII,  LXXVIII).  Though  I lhould 
allo  fuppofe,  that  this  is  in  part  owing  to  the 
greater  energy  of  the  gaftric  liquor  from  the 
admixture  of  the  bile,  which  never  rifes  into 
the  cefophagus,  as  it  appears  from  the  juice 
of  that  canal  never  being  at  all  yellow  or  bit- 
ter, but  nearly  inlipid  and  colourlefs. 

LXXXV.  It  remains  now  for  me  to  fpeak 
of  fome  attempts  to  produce  artificial  digeftion 
with  the  gaftric  juices,  referving  for  ano- 
ther opportunity  the  recital  of  the  chemical 
experiments  made  upon  that  fluid,  obtained 
both  from  crows  and  other  animals,  with  the 
view  of  acquiring  as  complete  a knowledge 
as  pofiibkof  its  nature  and  properties.  The 
greater  abundance  I was  able  to  procure  from 
crows,  by  means  of  vomiting,  gave  me  the 
advantage  cf  inftituting  a greater  number  of 
trials,  than  with  that  of  gallinaceous  fowls 
(LVI,  LVII),  from  which  the  gaftric  li- 
quor could  not  eafily  be  procured  without 
killing  them.  I firft  wifbed  to  examine  the 
effect  of  the  gaftric  juices  of  crows  upon 
flelli,  in  the  open  air.  It  was  January,  and 
Reaumur’s  thermometer  placed  near  the  vef- 
Jel  ufed  for  the  experiment,  flood  at  the  fourth 
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and  fifth  degree  (a).  For  greater  certainty 
in  thefe  experiments,  I eftabliffied  a term  of 
comparifon,  by  employing  fimilarveffels  con-^ 
taining  the  fame  flefh  infufed  in  water.  I 
alfo  took  care  upon  the  prefen  t as  well  as 
other  occafions,  that  the  flefh  fihould  be  com- 
pletely immerfed  in  the  refpedtive  liquors, 
and  that  the  phials  fhould  be  clofed  with 
floppies.  For  {even  days  the  flefh  kept  in 
the  gaftric  juice,  and  in  water  continued  the 
fame.  On  tjfle  eighth  I perceived  a flight 
folution,  for  upon  agitating  both  liquors, 
feveral  particles  feparated  from  the  larger  mafs, 
and  fell  down  to  the  bottom  of  the  phials. 
No  further  progrefs  was  afterwards  made, 
and  the  gaftric  fluid  did  not  feem  at  all  more 
efficacious  than  common  water;  only  the  flefh. 
immerfed  in  the  former  was  preferved  from 
putrefaction,  but  not  in  the  latter, 

LXXXVI.  In  this  experiment  I had  ufed 
beef  ; I verified  the  fame  obfervation  upon 
the  more  tender  flefh  of  calves,  chickens, 
and  pigeons,  notwithftanding  the  heat  of  the 
atmofphere  had  now  raifed  the  thermometer 
to  feven  degrees  (b)t  While  I was  making 
thefe  experiments  in  the  natural  temperature 
of  the  air,  I was  employed  about  others  of  a 
like  nature  in  a warmer  medium,  viz.  in  a 
ftove,  in  which  the  heat  varied  between  ( c ) 
220  and  temperate,  And  now  the  effedls  pro- 

(a)  Wherever  the  thermometer  is  mentioned  in  this 
work,  the  fame,  viz.  Reaumur’s  is  to  be  underftood. 

N.  B.  The  fourth  and  fifth  degrees  of  Reaumur’s  ther- 
mometer anfwer  tp  abput  forty-two  and  forty  -three  ancf 
qne-fourth  of  Fahrenheit’s. 

(/>)  Forty-eight  and  three-fourths  of  Fahrenheit’s. 

(it)  Seventy-nine  and  a half  of  Fahrenheit’s. 
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duced  by  the  gaftric  fluid,  differed  from  thofe 
produced  by  water.  In  the  latter  the  flefh 
began  to  be  a little  diflolved  in  two  days;  this 
was  an  effeCt  of  incipient  putr-fadtion,  as  ap- 
peared plainly  from  a feetid  fmeli  which  began 
to  be  exhaled.  The  fmeli  continued  to  increafe 
during  the  following  days,  and  in  a week 
became  intolerable,  and  tfie  flelh  was  reduced 
to  a naufeous  pulp.  In  the  gaftric  juice  the 
folution  was  more  rapid,  and  exhibited  dif- 
ferent phenomena  ; twenty-five  hours  were 
fufficient  to  decompole  the  flefli  contained  in 
it,  and  in  a little  more  than  two  days  there  re- 
mained only  a very  fmall  morfel  entire.  Thefe 
folutiops  never  emitted  any  bad  lmell;  whence 
it  is  evident,  that  they  did  not  arife  from  in- 
cipient putrefaction,  like  thofe  in  water,  but 
from  a more  efficacious  and  a different  men- 
ftruum,  viz.  the  gaftric  liquor. 

LXXXVII.  Being  now  engaged  by  diffe- 
rent occupations,  I was  obliged  to  interrupt 
thefe  experiments,  and  could  not  relume 
them  till  the  June  following;  and  then  tak- 
ing advantage  of  the  feafon,"l  expoled  to  the 
fun  two  phials  filled  to  a certain  height  with 
gaftric  juice  from  crows,  in  one  of  which 
. Were  immerfed  leverai  pieces  of  beef,  and  in 
the  other  crumb  of  wheaten  bread.  Nine 
hours  of  funfhine  much  forwarded  theartificial 
digeftion,  which  was  the  objeCt  of  enquiry. 
A good  part  of  the  flefli  was  reduced  to  a 
kind  of  glue,  that  when  it  was  handled  ad- 
hered to  the  fingers  ; nothing  like  flefli  re- 
mained in  any  of  the  pieces,  but  the  nucleus, 
which  was  Itili  confident  and  fibrous,  and 
thefe  two  qualities  it  lolt  the  next  day  ; after 
having  been  expofed  fix  hours  to,  the  fun  the 
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nuclei,  like  the  outiide,  no  longer  retaining  a 
fibrous  ftrudture.  The  heat  in  the  fun,  as 
well  on  the  firft  as  the  fecond  day,  was  between 
forty  and  forty-five  (a).  The  gaftric  liquor 
produced  upon  the  bread  a change  analogous 
to  that  which  the  flefh  had  undergone.  It  not 
only  left  its  white  colour  and  was  turned  grey, 
but  had  become  vifeous,  and  no  longer  pre- 
fiented  to  the  eye  the  appearance,  though  it 
retained  fomewhat  of  the  tafte  of  bread.  Of 
bread  as  well  as  flefh  immerfed  in  water  and 
expofed  to  the  fun  for  the  fame  time,  there 
was  a perceptible  diminution  ; but  it  was 
very  fuperficial  and  inconfiderable  when  com- 
pared with  that  produced  by  the  gaftric  fluid. 
The  bread  turned  four,  and  the  flefh  became 
putrid,  circumftances  that  did  not  at  all  ap- 
pear in  the  other  phials. 

LXXXVIII.  Thus  a tolerably  complete 
concodtion  was  obtained  in  the  heat  of  the 
fun;  but  it  was  reafonable  to  fuppofe,  that  it 
would  be  Itili  more  perfedt  in  the  tempera- 
ture of  the  ftomach.  In  the  preceding  dif- 
fertation  I have  obferved,  that  by  way  of 
fubftitute  for  the  natural  heat  of  the  animal 
that  furnifhed  gaftric  liquor  for  the  experi- 
ment, I fixed  the  tubes  under  my  axilla  (LVI, 
LVII)  ; fuch  an  expedient  wa§  neceflary, 
fince  glafs  is  incapable  of  refilling  the  violent 
impulfes  of  the  gizzard.  But  there  was  now 
no  longer  the  fame  danger,  and  the  experi- 
ment might  be  made  in  the  following  man- 
ner. Several  glafs  tubes  fix  lines  long  and 
three  in  diameter,  were  hermetically  fealed  at 

(a)  An  hundred  twenty-two,  and  an  hundred  thirty- 
three  and  one-fourth  of  Fahrenheit’s  thermometer. 
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one  end,  and  at  the  other  bits  of  flefh  were 
introduced,  and  then  the  tube  was  filled  with 
gaftric  fluid.  It  was  then  very  carefully  Hop- 
ped with  fealing-wax,  and  the  tubes  were 
forced  into  the  ftomachs  of  feveral  crows. 
Should  digeftion  now  take  place  it  might 
be  properly  called  artificial,  linee  it  muff 
have  been  effected  in  clofe  tubes,  to  which 
the  juices  of  the  ftomach  could  have  no  ac- 
cefs.  But  I foon  found  that  the  wax  became 
loft  in  the  animal  heat,  and  confequently.did 
not  keep  the  tubes  clofely  ffopt,  as  I willied. 
There  was  however  no  difficulty  in  fubfti- 
tuting  a firmer  cement,  which  would  not  be 
either  melted  or  foftened  ; and  with  iuch  a 
cement  I repeated  the  experiment  juft  men- 
tioned, and  others  of  a like  nature,  which  I 
will  deferibe  hereafter.  I prepared  two  tubes 
in  this  manner;  they  were  given  to  a crow, 
and  returned  by  vomiting  in  an  hour  and  an 
half.  I will  not  conceal  my  amazement  at 
finding,  that  the  pieces  of  iiefh  enclofed  in 
the  tubes  were  not  in  the  leaff  changed,  un- 
lefs  it  was  in  having  acquired  a blueifh  red 
colour.  My  amazement  was  ffill  more  in- 
creafed  upon  obferving,  that  they  had  under- 
gone no  further  alteration  after  remaining 
four  hours  longer  in  the  ftomach  of  the  fame 
crow,  enclofed  as  before  in  two  fealed  tubes. 
Thefe  bits  of  flefh  weighed  in  all  twenty- 
eight  grains  ; fo  inconliderable  a quantity 
would  have  been  diffiolved  in  a few  minutes, 
if  it  had  been  loofe  in  the  ftomach,  and  in  a 
very  few  hours,  if  it  had  been  enclofed  in 
tubes  open  at  the  ends. 

Lxx  XIX.  Did  this  unexpected  failure 
arife  from  the  communication  between  the 

external 
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exernal  air  and  that  within  the  tubes  being 
cut  off,  or  from  a deficiency  of  gaftric  fluid/ 
or  elfe  for  want  of  the  adtion  of  the  ftomach 
upon  the  fiefh  ? I confidered  maturely  thefe 
conjectural  explanations,  but  they  appeared 
altogether  infufficient.  With  relpedt  to  the 
laft,  it  is  repugnant  to  all  thofe  fadts  which 
prove  the  folution  of  aliment  within  tubes, 
open  indeed  at  the  ends,  and  perforated  along 
the  fides,  but  which  effedtually  prevent  the 
mechanical  adtion  of  the  ftomach  upon  their 
contents.  That  the  gaftric  fluid  was  in  too 
final!  quantity  for  the  folution  of  the  flefh,  is  ; 
a fufpicion  unworthy  of  attention  ; for  the 
pieces  were  always  covered  by  it,  fo  that  the 
quantity  of  fluid  muft  have  been  greater  than 
that  of  folid.  Laftly,  the  communication 
between  the  external  air  and  that  within  the 
tubes  being  intercepted,  cannot  in  all  like- 
lihood be  the  reafon  why  folution  did  not 
take  place.  In  order  to  determine  this  cer- 
tainly, I made  the  following  curious  experi- 
ment. Having  prepared  feveral  glafs  tubes 
of  the  length  of  fix  inches,  I fealed  them 
hermetically  at  one  end,  by  means  of  a re- 
verberated flame,  and  the  oppofite  extreme 
ties  were  drawn  out  fo  as  to  form  elongated 
cones.  Through  the  open  end  of  thefe  cones 
I poured  a quantity  of  gaftric  fluid,  together 
with  a few  finali  pieces  of  flefh,  which  filled 
two  thirds  of  the  wider  part  of  the  cone/ 

I then  introduced  the  cones  by  their  bafis 
into  the  ftomachs  of  fome  crows,  allotting, 
one  to  each  bird  ; and  when  they  refted  upon 
the  bottom  of  the  ftomach,  their  apexes  came 
out  at  the  mouth.  To  prevent  their  being 
thrown  up,  1 ufed  the  precautions  mentioned 

in 
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in  another  place  (LXXVI).  Thefe  conical 
tubes  muft  no  doubt  have  been  very  incom- 
modious to  the  animals,  but  they  were  ex- 
ceedingly well  adapted  to  the  end  I had  in 
view.  Linee  a free  paffage  was  allowed  for  the 
external  air  into  them.  However,  notwith- 
standing this,  the  flefh  remained  Leverai  hours 
immerLed  in  the  gaftric  fluid,  without  Shew- 
ing any  fign  of  decompofition. 

XC.  It  is  proper  to  apprize  the  reader,  that 
when  the  Sealed  tubes,  or  the  cones,  were 
kept  long  in  the  Stomach,  as,  for  inftance, 
ten  or  twelve  hours,  the  flefh  was  generally 
reduced  to  a dark-coloured  gelatinous  pulp. 
But  this  did  not  remove  my  Surprize  at  See- 
ing So  flow  a Solution  in  thoSe  cloSe  receivers, 
in  comparison  \vith  the  rapidity  of  the  pro- 
cefs  in  the  stomach.  The  gaftric  juice  was 
quite  freSh,  it  was  in  Sufficient  plenty,  and 
the  flefh  put  in  the  tubes  and  cones  was  ex- 
pofed  to  the  Same  degree  of  heat  when  it  is 
in  immediate  contadi  with  the  Sides  of  the 
Stomach . 

If  crows  are  killed  during  the  procefs  of 
digeftion,  the  bottom  of  the  Stomach  gene- 
rally abounds  in  gaftric  juice,  which  when 
compared  with  that  exprefled  from  the  Springes, 
appears  to  differ  a little,  being  more  denfe 
and  bitter,  and  of  a yellow  inclining  to  azure. 
The  juice  which  is  mixed  with  the  food, 
and  occupies  the  upper  parts  of  the  Stomach, 
approaches  more  to  the  nature  of  that  with 
which  the  fpunges  are  imbibed.  Having 
learned  from  experiment,  that  digeftion  pro- 
ceeds moft  rapidly  at  the  bottom  of  the  fto- 
mach,  on  account  probably  of  the  gaftric 
juice  being  more  adtive  and  efficacious  there 

from 
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from  its  immediate  mixture  with  the  bile/ 
which  gives  it  the  yellowifh  azure  hue  and  a 
bitterer  tafte^  I preferred  this  juice  to  that 
from  the  fpunges,  and  repeated  with  it  the 
experiments  with  the  fealed  and  conical 
tubes  mentioned  in  the  LXXXVIIIth  and 
LXXXIXth  paragraphs.  But  the  event  did. 
not  anfwer  my  expectation,  no  folution  of 
the  flefli  taking  place  till  leverai  hours  had 
elapfed. 

XCI.  Upon  comparing  the  laboratory  def-' 
tined  by  nature  for  the  procefs  of  digeftion^ 
and  thefe  receivers  prepared  by  art  to  accom- 
plish the  farne  end,  I could  difcover  but  two 
differences  ; the  flefli  in  the  veffels'undergòes 
the  aCtion  of  a fluid  which  is  never  renewed  ; 
while,  on  the  contrary,  in  the  natural  labo- 
ratory it  is  continually  lubjeCted  to  the  aCtion 
of  frefh  juices,  inceffantly  Supplied  by  an 
innumerable  multitude  of  follicular  glands; 
Befldes,  the  gaftric  juices  being  confined 
within  the  cavity  of  the  ftomach,  there  is 
little  or  no  evaporation  : whereas,  when  ex- 
pofed  to  the  air,  and  confequently  cooled, 
they  cannot  but  lofe  fome  of  their  more 
volatile  and  aCtive  particles  by  evapora- 
tion. Does  then  the  flow  folution  of  flefli 
in  ciofe  tubes  and  in  cones,  depend  upon  the 
gaftric  juice  being  deprived  by  thefe  two 
caufes  of  part  of  that  energy,  on  which  di- 
geftion  depends  ? I found  from  experiment, 
that  the  former  caule,  at  leaft,  the  want  of 
renovation  had  great  influence  in  retarding 
the  folution.  If,  inftead  of  perfectly  doling 
the  tubes,  I left  a finali  perforation  capable 
of  allowing  ingrefs  and  eg  refs  to  the  gaftric 
i uice,  the  folution  of  the  flefh  took  place 

much1 
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much  fooner.  The  fame  thing  happened, 
when,  inftead  of  leaving  the  fame  juice  in 
the  cones  all  the  while,  I was  at  the  pains 
of  changing  it  leverai  times.  But  warmth 
is  another  condition  abfolutely  indifpenfable 
for  rendering  the  gaftric  fluid  of  thefe  ani- 
mals fit  for  digeftion.  When  this  liquor  is 
kept  in  a temperature  not  more  than  four  or 
five  degrees  above  the  freezing  point,  its'fol- 
vent  power  is  ib  much  impaired,  that  it  does 
not  feem  more  efficacious  than  common  wa- 
ter (LXXXV).  This  is  alfo  obfervable  at 
feven  degrees  (a)  (LXXXVI).  In  order  to  ren- 
der the  effebts  of  the  gaftric  juice  perfectly 
ibnfible,  a ftronger  heat  is  requifite,  as  from 
ten  to  twenty-two  degrees  (LXXXVI).  Still 
folution  proceeds  very  flowly  5 to  remedy  this 
the  animal  heat  is  necefiary,  viz.  about  thirty 
degrees  ( b ) (XC).  And  fo  remarkable  is  the 
effect  of  heat  in  ibis  particular,  that  the  very 
liquor,  which,  for  want  of  being  renewed, 
concobts  flefh  flowly  at  thirty  degrees  (XC), 
cffedts  this  very  fpeedily  at  forty  and  forty^ 
five  degrees  (c)  (LXXXVII). 

XCÌI.  Every  time  I expreffed  the  juice 
from  the  fponges,  I wafhed  them  in  pure 
water,  which  was  tinged  yellow  by  the  re- 
mains. After  having  made  fo  many  experi- 
ments on  the  gaftric  fluid  in  a frate  of  purity, 
I conceived  it  might  not  be  altogether  with- 
out its  ufe,  to  make  one  with  the  water  in 

(a)  Forty- feven  three-fourths  of  Fahrenheit’s  thermo- 
meter. 

(0)  Ninety-five  one-half  of  the  fame, 

(c)  One  hundred  and  twenty-two,  and  one  hundred  and 
thirty-three  one-fourth  of  Fahrenheit’s  thermometer. 


G 


which 


sk.  DISSERTATION  IL 


which  the  fpunges  had  been  wafhed  ; with 
this  water  I therefore  filled  a finali  glafs 
phial,  which  was  left  expofed  to  the  fun, 
with  a piece  of  flefh  in  it,  for  three  days  in 
July.  The  flefh  (which  was  mutton)  fhew- 
ed  fome  figns  of  folution.  On  the  third  day, 
there  appeared  upon  the  bottom  of  the  phial 
a quantity  of  impalpable  matter  of  a cineri- 
tious  colour,  confiding  of  particles  feparatec 
from  the  flefh  immerfed  in  the  liquor.  Not- 
withftanding  the  feafon,  as  it  ufually  is  ir 
I uW  was  very  hot,  it  had  acquired  little  oj 
no  feetid  fmell  ; whilflc  a fimilar  piece  oJ 
flefh,  expofed  to  the  fun  in  the  fame  manner, 
but  immerfed  in  water,  became  intolerabl) 
putrid  on  the  fecond  day. 

XCIII.  But  it  is  time  to  quit  the  fubjedl 
of  digeftion  in  crows,  and  to  proceed  to  that 
of  herons,  the  other  fpecies  of  bird  which 
I propofed  to  examine  in  this  diflertation, 
The  herons  upon  which  my  obfervations 
were  made,  and  which  the  nomenclators 
denominate  cineritious,  or  grey  (a),  muft  cer- 
tainly be  clafled  among  birds  with  interme- 
diate flomachs,  fince  the  fides  of  this  vifeus 
have  an  intermediate  thicknefs  and  Tolidity 
betv/een  membranous  and  mufcular  flomachs. 
When  this  organ  is  dilated,  it  appears  about 
two  inches  wide,  and  as  many  long  ; its  form 
approaches  to  that  of  a cylinder.  When 
opened  length  wife,  and  obferved  internally, 
it  prefents  the  appearance  of  rugas,  of  which 
fome  run  in  a longitudinal,  fome  in  a tranf- 
verfe,  and  others  in  an  irregular  and  oblique 


direction.  The  fides  of  the  ftomach  are  co- 
(tf)  Linn.  Syft.  Nat.  T.  i.  Bel.  Av. 
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vered  with  a kind  of  gelatinous  lining,  of 
feme  confidence,  but  ealily  removed,  and  of 
a colour  between  white  and  yellow.  This 
lining  feems  organized  ; and  I fhould  be  in- 
clined to  fuppofe,  that  it  is  the  innermoft  coat 
of  the  ftomach.  The  nervous  coat  nejet  pre- 
sents itlelf  ; it  is  of  a whitjfh  colour,  and 
moderate  thicknefs,  but  its  texture  is  ftrong, 
and  it  is  not  eafily  lacerated.  When  this 
coat  has  been  cleaned  and  dried  with  a nap^ 
kin,  and  then  diftended,  and  compreffed  un- 
derneath, it  will  be  immediately  covered  with 
an  effufion  of  very  fmall  and  fcarce  vifible 
drops,  which  enlarging  and  approaching  to- 
wards each  other,  form  at  lad:  a thin  aqueous 
teil.  And  if  this  veil  be  wiped  away,  and 
he  nervous  coat  be  again  diftended  and 
Squeezed,  another  like  the  firft  will  appear; 
md  in  like  manner  a third,  a fourth,  &c! 
with  this  difference  only,  that  the  quantity 
°f  humidity  is  every  time  diminifhed.  There 
an  be  no  doubt  of  this  being  a portion  of  the 
;aftric  fluid,  difeharged  diredtly  into  the  ca- 
ity  of  the  ftomach.  I have  employed  the 
atmoft  attention  in  fearching  whether  this 
iquor  derives  its  origin  from  glands,  or  any 
malogous  bodies,  but  could  never  difeovereir- 
:her  the  one  or  the  other  ; and  therefore  it  muft 
:>e  funpofed  to  be  fecreted  by  fmall  arteries, 
jhich  open  into  the  ftomach,  and  depoftt 
.heir  contents  there.  After  the  nervous,  we 
]ave  the  mufcular  coat,  of  a red  colour,  and 
■carce  a line  in  thicknefs.  It  is  compofed  by 
cfhy  ftnae,  partly  tranfverfe,  partly  longitu- 

i a ' 7 ^ormer  appeared  to  me  to  occupy 
he  furfuce  only,  the  latter  conftitute  the 
internal  ftrata,  and  are  continued  to  the  ter- 
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mination  of  this  coat.  There  is  alfo  another 
coat,  confifting  of  cellular  fubftance,  and 
this  is  the  laft  of  all. 

XCIV.  The  ftomach  always,  andefpecial- 
ly  when  empty,  contains  more  or  lefs  gaftric 
fluid,  of  a bitter  taite,  turbid  yellow  colour, 
and  generally  of  fome  denfity.  The  bitter- 
nefs  is  owing  to  the  bile,  which  has  this 
tafte,  but  in  an  intenfer  degree;  I have  often 
found  it  at  the  bottom  of  the  ftomach,  and  in 
the  vicinity  of  the  pylorus.  The  gall-blad- 
der in  length  exceeds  an  inch  ; it's  greateft 
diameter  is  of  of  five  or  fix  lines  ; in  fhape  it 
refembles  a finali  egg,  of  which  the  fharp  end 
is  inferted  into  the  liver.  Notwithstanding 
many  careful  examinations,  I am  not  certain 
of  having  found  the  cyftic  dudt;  I however 
fufpedt  that  it  perforates  the  duodenum,  at 
the  diftance  of  fix  inches  from  the  pylorus  ; 
this  I colledt  from  a line  of  an  azure-yellow 
hue,  which  arifes  from  the  gall-bladder,  and 
is  inferted  into  that  part  of  the  inteftine. 

XCY.  Above  the  ftomach  we  meet  with 
the  fame  kind  of  flefhy  falcia,  which  I have 
noticed  in  gallinaceous  fowls  and  crows, 
(LX VI,  XLVII,  LXXV).  In  the  grey  he- 
ron it  exceeds  an  inch  in  breadth.  This  fa f- 
cia  is  alfo  covered  with  the  fanie  gelatinous 
lining  that  invefts  the  ftomach  (XCIII), 
Next  we  find  the  nervous  coat  of  a finer  tex- 
ture than  that  of  the  ftomach,  of  which  it 
appears  to  be  a continuation.  This  coat, 
when  attentively  viewed,  looks  like  a lieve, 
fo  much  is  it  perforated  at  every  part.  The 
perforations  are  nothing  but  the  apertures  or 
mouths  of  fubjacent  follicular  glands,  occu- 
pying almoft  all  the  infide  of  the  fafcia,  and 
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viflble  through  it.  If  the  nervous  coat  be 
any  where  compreffed,  a vifcid,  cloudy,  and, 
as  far  as  I could  judge,  infipid  liquor  oozes 
out  at  thefe  mouths,  and  continues  to  ooze 
out  if  the  p re  flu  re  be  continued.  The  folli- 
cles that  lie  beneath,  manifeAly  fupply  this 
fluid  in  fuch  abundance.  It  would  be  fuper- 
flous  to  defcribe  thefe  glandular  bodies,  Ance 
they  exactly  refemble  thofe  of  crows  and 
gallinaceous  fowls  ; whether  we  conflder  the 
immenfe  number  of  them,  or  their  pofltion, 
contiguity,  fhape,  or  colour.  When  we 
raife  this  aggregation  of  follicles,  we  come 
to  the  mufcular  coat,  which  is  very  thin,  and 
con  flits  of  feveral  Arata  of  long  and  com- 
pact flefliy  fafciculi  ; next  to  which  lies  the  laA 
or  external  coat,  the  thinneAof  all,  and  con- 
fiding of  cellular  fubAance. 

XCVI.  The  cefophagus  is  about  twelve 
inches  in  length,  and  in  breadth  one  and  a 
half.  Its  Aiape  is  nearly  cylindrical,  but  it 
becomes  narrower  near  the  Aomach.  Upon 
examining  it  externally  with  a microfcope,  I 
difcovered  that  it  was  quite  full  of  minute  bo- 
dies, which  are,  I fuppofe,  glandulai . When 
it  has  been  carefully  inverted  and  inflated, 
and  the  humidity,  which  always  covers  it, 
has  been  wiped  away,  if  now  we  lay  hold  of 
one  end,  and  fqueeze  it  forcibly,  fo  that  it 
Arali  be  enlarged  in  the  adjacent  parts,  the 
humidity  will  appear  again  ; and  upon  re- 
peating the  compreflion,  it  will  be  feen  feveral 
fuccefflve  times,  juA  as  in  the  Aomach, 
(XCIII)  -,  with  this  difference,  however,  as  I 
conceive,  that  the  humidity  in  the  Aomach 
derives  its  fourcefromlmailarteries,andin  the 
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cefophagus  from  minute  glands,  or  fome  ana- 
• logons  bodies, 

XCVII.  It  was  natural  to  fuppofe  that  this 
apparatus  of  fluids,  which  are  conftantly 
trickling  into  the  cavity  of  the  ftomach  and 
cefophagus  of  herons,  are  chiefly  defigned  for 
digefliofi.  But  the  fmall  number  which  I 
poflefied,  and  their  almoft  never  vomiting, 
like  crows,  indigeftible  bodies,  and  ccnfe- 
quently  tubes,  did  not  permit  me  to  make 
fuch  a feries  of  experiments  as  I could  have 
wiftied.  I have  however  been  able  to  make 
the  moft  eflential,  of  which  one  con  filled  in 
enquiring  into  the  manner  of  digeftion  in  the 
ftomachs  of  thefe  birds.  For  this  purpofe  I 
had  recourfe  to  tire  tubes,  than  which  I do 
not  believe  there  are  any  means  better  adapted 
to  fuch  enquiries.  It  is  well  known  that  the 
grey  heron  feeds  on  fifties,  frogs,  water- 
fnakes,  and  feveral  forts  of  aquatic  worms  and 
infedts.  Thofe  in  my  pofleffion  devoured 
frogs,  and  efpecially  fifties,  with  great  greedi- 
nefs  ; and  I therefore  ufed  them  for  my  expe- 
riments. They  fwallow  frogs  of  a moderate 
fize  whole.  A whole  frog,  inclofed  in  a tin 
tube,  was  introduced  into  the  ftomach,  to- 
gether with  a filli,  of  bulk  nearly  equal,  in- 
cluded in  another  tube.  In  twenty-four 
hours  the  heron  was  killed,  and  the  ftomach 
opened  -,  though  the  tubes  were  very  thin, 
they  had  received  no  damage,  if  we  except 
two  flight  contufions  upon  one  of  them  ; they 
were  fo  light,  that  it  was  not  difficult  to 
guefs  that  they  no  longer  contained  the  fame 
quantity  of  matter  that  had  been  put  into 
them.  The  little  fifti  was  all  difl'olved,  ex- 
cept fome  of  the  ribs,  a few  bones  of  the 
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head,  and  a bit  of  the  flefh  of  the  back, 
which  was  fo  tender,  that  the  parts  no  longer 
cohered.  The  frog’s  drape  was  more  eafilydif- 
tinguifhable  than  that  of  the  fifh  ; the  pulp 
of  the  thighs,  and  even  the  bone  itfelf,  was 
quite  deflroyed  ; but  the  ends  of  the  lower, 
as  well  as  the  upper  limbs  remained.  The 
integuments  of  the  abdomen  and  thorax  were 
no  longer  to  be  found;  and  the  fubjacent 
flefh  was  become  fo  foft,  that  it  appeared  to 
have  undergone  a flight  boiling.  The  bones 
had  acquired  the  foftnefs  of  cartilage.  .Thefe 
remains  of  the  frog  and  fifh  were  impregnated 
with  gaflric  fluid,  and  tailed  bitter.  The 
intelligent  reader  perceives  the  immediate 
confequences  of  this  experiment.  In  the 
firft  place  the  flomach  of  herons  adts  with 
fome  force  upon  the  fubflances  it  contains,  as 
we  may  colledt  from  the  flight  contufions 
upon  one  of  the  tubes.  Secondly,  digeffion, 
which  was  in  an  advanced  fiate  in  the  frog, 
and  quite  complete  in  the  fifh,  is  not  the  ef- 
fect of  trituration,  but  of  the  gaflric  fluid, 
which  entering  in  at  the  open  extremity  of  the 
tube,  or  through  the  lateral  holes,  penetrated 
the  two  animals,  and  by  virtue  of  its  folvent 
power,  partly  confiiiped  them;  but  it 
made  greater  havock  upon  the  fifh  than  the 
frog,  on  account  of  its  being  tenderer. 
Thirdly,  the  efficacy  of  the  gaflric  fluid  of 
the  heron  is  not  limited  to  the  folution  of 
foft  parts,  fuch  as  the  fkin,  flefh,  &c.  but 
extends  to  the  hardeft  alfo,  viz.  the  bones. 

XCVIII.  Of  the  lafl  circumflance  I wifh- 
ed  to  obtain  greater  certainty,  by  putting 
bones  alone  into  the  tubes.  We  have  al- 
ready feen  that  crows  are  incapable  of  di- 
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geiling  hard  bones,  and  that  they  digeft.  fuch 
as  are  tender  with  difficulty  (LXX,  LXXII, 
LXXIII).  It  was  therefore  an  objedl  of 
great  curiofity  to  difcover  what  would  hap- 
pen in  herons  ; and  it  was  eafy  to  fatisfy  this 
curiofity,  by  inclohng  bones  of  feveral  forts 
in  the  tubes  ; in  one  I therefore  enclofed  only 
the  tender  bones  of  frogs  or  ffihes  ; in  another 
hard  bones,  viz.  the  thigh-bone  of  a turkey 
broken  into  two  pieces.  The  pieces  of  both 
the  hard  and  tender  bones  were  formed  into 
two  bundles,  and  tied  with  thread.  After 
an  heron  had  retained  thefe  two  tubes  in  its 
ftomach  twenty-feven  hours,  it  was  killed. 
It  was  with  a mixture  of  furprize  and  plea- 
fure  that  I faw  the  tube  which  contained  the 
fiffies  and  frog’s  bones  empty,  while  the 
firing  remained  entire.  The  gaftric  juice 
had  then  perfedtly  diffolyed  the  bones.  But 
this  was  not  the  cafe  with  refped:  to  the  con- 
tents of  the  other  tube.  I lhould  have  con- 
fidered  them  as  untouched,  if  they  had  not 
appeared  fmcother,  whiter,  and  perhaps  thin- 
ner than  at  fidi.  They  now  weighed  only 
eleven  pennyweights  and  fix  grains,  where- 
as at  firft  they  had  weighed  fourteen  penny- 
weights; they  had  therefore  loft  of  their  ori- 
ginal weight  three  pennyweights  within  fix 
grains.  If  this  experiment  be  compared  with 
that  made  upon  crows,  with  the  fame  inten- 
tion, it  will  appear  evident,  that  the  gafiric 
juice  of  the  latter  is  lefs  efficacious  in  dif- 
folving  bones  than  that  of  the  heron.  And 
in  truth,  their  nature  requires  that  they  lhould 
digefl  every  part  of  the  animals  upon  which 
they  feed*  I gave  them  fome  frogs,  and 
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watched  their  way  of  eating  them  ; when  of 
a moderate  iize  they  fwallow  them  whole, 
when  very  large  they  feparate  them  into  fe- 
veral  portions,  and  fwallow  them  without 
parting  the  fiefh  from  the  bones.  Since, 
then,  herons  do  not  enjoy  the  advantage  of 
vomiting  up  fubftances  incapable  of  oemg 
digefted°(LXX  VII),  and  the  bones  of  frogs 
and  fuch  animals  cannot  eafily  be  voided  at  the 
anus.  Nature  has  wifely  endowed  the  fio- 
mach  with  the  power  of  conceding  and  af- 
fimilating  bone. 

XCIX.  It  wras  equally  curious  and  impor- 
tant to  enquire,  whether  the  oefophagus  of 
the  heron  as  well  as  of  crows,  is  capable  of 
performing  digefiion  (LXXVII,  LXXVIII, 
LXXIX) . The  great  length  of  the  neck,  and 
confequently  of  the  oefophagus,  is  extremely 
favourable  to  fuch  an  enquiry.  _ A head  frog 
was  forced  half  way  down  this  canal  with 
the  head  downwards,  where  it  was ‘fixed  by 
a firing,  of  which  one  end  was  tied  round 
the  hind  legs,  and  the  other  came  cut  of  the 
mouth,  and  was  wrapped  round  the  neck. 
In  this  fituation  it  remained  two  hours,  and 
more  was  effeded  than  I could  expedt  in  fo 
fhort  a fpace.  The  animal  was  indeed  entire, 
but  was  become  very  tender,  though  the 
tendernefs  did  not  penetrate  far  below  the 
furface.  This  appearance  of  incipient  con- 
codicn  induced  me  to  pulii  the  experiment 
further,  that  I might  fee  how  it  would  ter- 
minate. The  frog  was  therefore  replaced  in 
its  former  fituation,  where  it  continued  three 
hours  longer;  I then  thought  it  time  to  exa- 
mine the  animal,  and  drew  up  the  pack- 
thread, but  nothing  came  up  with  it  except 


94 


DISSERTATION  II. 


the  hind  legs  and  ribs  ; the  reft  remained  in 
the  throat,  and  an  inftant  afterwards  I per- 
ceived the  animal  tranfmit  it  into  the  fto- 
mach.  I found  the  legs  and  thighs  half  dif- 
folved,  and  being  very  defirous  of  knowing 
v/hat  had  happened  to  the  other  parts  of  the 
animal,  I determined  to  kill  the  heron  without 
delay.  The  frog  was  in  the  ftomach  ; the  ex- 
ternal mufcular  flefh  was  quite  deftroyed,  and 
what  remained  entire  was  eafily  divilible  into 
feveral  portions,  efpecially  at  the  articulati- 
ons. The  fame  appearance  òf  decompofition 
had  taken  place,  as  if  it  had  been  macerated 
in  water;  but  it  did  not  afford  the  fmalleft 
mark  of  putrefaction. 

C.  Although  experiment  thus  abundantly 
evinced  a fenfible  concodtion  in  the  cefopha- 
gus,  I had  not  adverted  to  one  circumftance, 
which  however  deferved  attention,  viz.  to 
fix  the  precife  lofs  which  the  flefh  under- 
went in  that  cavity.  I therefore  repeated 
the  experiment  with  this  view,  but  having 
no  frogs  in  my  poffeftion,  I fubftituted  fome' 
flefh  with  which  I happened  to  be  provided, 
confifling  of  cow’s  lungs,  to  the  amount  of 
half  an  ounce,  forty  grains.  It  was  drawn 
out  of  the  cefophagus  by  means  of  the  pack- 
thread, after  it  had  remained  there  thirteen 
hours.  It  had  loft  feven  pennyweights  and 
two  grains. 

As  the  cefophagus  of  the  heron  is  mem- 
branous, it  is  more  than  probable,  that  its 
mechanical  aCtion  did  not  concur  in  pro- 
ducing  this  effeCt  ; it  however  was  proper  to 
prove  this  by  direct  experiment,  which  might 
be  done  by  means  of  the  tubes.  With  them 
therefore  I repeated  the  experiment  which  I 
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had  before  made,  in  order  to  determine,  whe- 
ther the  cefophagus  of  the  heron  is  capable 
of  digefting  food.  Solution  of  the  ffefh  un- 
doubtedly took  place  within  the  tubes,  and  I 
was  convinced,  that  it  did  not  depend  on  any 
motion  of  the  cefophagus,  but  on  the  efficacy 
alone  of  the  fluid  which  is  fecreted  by  it. 

Cl.  Another  experiment  yet  remained  to 
be  made,  whence  we  might  deduce  not  only 
the  exadt  diminution  of  the  flcffi,  but  the 
proportion  between  its  diminution  in  the 
cefophagus  and  ftomach  ; two  globular  pieces, 
two-thirds  of  an  ounce  each,  of  cow’s  lights 
were  introduced,  one  into  the  cefophagus,  and 
the  other  the  ftomach  ; each  remained  feven 
hours  in  its  refpedtive  fltuation,  when  the 
heron  was  killed;  the  ball  from  the  ftomach 
at  firft  of  the  fize  of  a walnut,  was  now  no 
larger  than  a pea,  and  weighed  only  twenty- 
eight  grains.  That  which  had  lain  in  the  ceib- 
phagus  was  indeed  reduced  in  bulk,  though 
but  very  little  in  companion  with  the  other; 
it  had  loll:  three  pennyweights  eighteen 
grains. 

Both  thefe  inftances  gave  me  an  opportu- 
nity of  remarking,  that  the  juices,  whether 
of  the  cefophagus  or  ftomach,  did  not  feem 
to  adt  by  penetrating  deeply  into  the  fubftance 
of  the  flefh,  but  by  corroding  the  furface; 
the  external  layer  was  firft  diiiolved,  and 
then  thofe  that  lay  beneath  in  their  order. 
And  in  reality,  when  I came  to  wadi  the  ball 
taken  from  the  cefophagus,  and  wipe  away 
the  external  gelatinous  ftratum  already  dif- 
folved  by  the  cefophageal  fluid,  the  next  ftra- 
tum ffiewed  the  natural  fibrous,  firm,  and 
red  appearance  ; and  when  the  ball  was  cut 
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into  two  hemifpheres,  the  infide  ieemed  per- 
fedly  found,  without  the  fmalleft  lign  of 
having  been  impregnated  or  touched  by  that 
corrofive  liquor.  The  fame  obfervation  is 
applicable  to  the  other  ball;  for  notwith- 
ftanding  its  great  diminution,  within  it  was 
quite  found. 

I had  now  but  two  herons  left,  and  thefe  I 
facrificed  to  the  delire  of  afcertaining  Etili 
further  the  exceffively  rapid  concodion 
of  the  ftomach,  compared  with  that  of  the 
cefophagus.  And  in  fad:,  I obferved  it  again 
on  two  frogs  and  as  many  filhes,  of  which 
the  former  continued  eight  hours  in  the  cefo- 
phagus and  ftomach,  and  the  latter  nine 
hours. 

Thefe  experiments  incontrovertibly  prove, 
that  the  cefophagus  of  the  heron  as  well  as 
of  the  crow,  has  the  privilege  of  digefting 
any  food  that  may  happen  to  be  lodged  in  it  : 
this  privilege  extends  likewife  to  other  ani- 
mals, as  we  lhall  fee  in  fonie  palfages  of  the 
following  differtations. 

CIJ.  The  obfervations  related  in  the  pre^ 
fent  and  the  preceding  differ taticn,  prelent 
us  with  various  inftances  of  agreement  and 
diifagreement  in  the  digeftion  of  birds  with 
mufcular  and  with  intermediate  ftomachs. 
Let  us  here,  for  the  convenience  of  the 
reader,  colled  into  one  point  of  view  thefe 
Scattered  traits  ; they  may  fix  more  firmly  in 
the  mind  all  that  we  have  obferved,  whether 
curious  or  interefting,  in  thefe  two  dalles  of 
animals.  With  refped  to  the  traits  of  re- 
femblance,  they  may  all  be  reduced  to^the 
relation  between  the  gaftric  fluids.  Firft 
then  it.  has  been  proved,  that  thele  fluids, 
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befides  being  alike  in  colour,  are  always  fait 
and  bitter  ; and  that  the  bitter  tafte  derives 
its  origin  from  the  bile,  which  regurgitates 
through  the  pylorus  into  the  cavity  of  the 
ftomach.  Secondly,  thefe  fluids  are  the  im- 
mediate agents  of  digeftion,  both  in  mufcu- 
lar and  intermediate  ftomachs,  independently 
of  trituration.  Thirdly,  In  thefe  two  or- 
ders of  birds  the  fluids  adt  in  the  fame  man- 
ner in  the  folution  of  the  food;  they_  firft 
foften  and  next  convert  the  furface into  jelly, 
then  produce  the  fame  effedt  upon  the  interior 
parts,  and  fo  infinuatirig  themfelves  gradually 
till  it  is  completely  diffolved.  Fourthly,  they 
do  not  entirely  loie  their  folvent  efficacy  as 
foon  as  they  are  taken  out  of  the  ftomach, 
provided  they  are  heated  to  a proper  degree, 
as  artificial  digeftion  proves.  Laftly,  The 
fountains  from  which  thefe  fluids  fpjing  are, 
in  great  meafure,  the  fame  in  both  daffes, 
vizT  the  follicular  glands,  with  which  their 
organs  abound. 

CIII.  The  differences  are  in  part  reducible 
to  the  inferior  efficacy  of  the  gaftric  fluid  in 
mufcular  to  that  of  the  lame  fluid  in  inter- 
mediate flomachs.  Thus  the  gaftric  fluid  in 
the  former  is  incapable  of  diifolving  the  fame 
aliment,  which  in  the  latter  it  eafily  diffolves. 
In  like  manner  the  food,  which  each  kind  of 
gaftric  juice  decompofes  and  digefts,  is  looner 
fubjedt  to  this  change  from  that  which  be- 
longs to  intermediate  ftomachs.  And  this  is 
alfo  the  reafon,  why  artificial  digeftion  fuc- 
ceeds  much  looner  with  the  firft  than  the  fe- 
cond.  The  fame  inelficacy  that  the  gaftric 
juices  of  birds  with  mufcular  ftomachs  Ihew 
in  dccompofing  certain  aliments  of  a firm 
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texture,  extends  alfo  to  their  cefophageal 
juices  in  decomposing  Soft  fubftances,  not- 
withstanding the  latter  are  tolerably  well  de- 
composed by  the  cefophageal  juice  of  birds 
with  intermediate  Stomachs.  The  prodigi- 
ous effedts  of  trituration  in  mufcular  Sto- 
machs, constitute  another  very  Striking  diffe- 
rence between  thefe  two  claffes  of  birds,  the 
feebje  force  of  intermediate  Stomachs  being 
fcarce  comparable  with  the  enormous  power 
of  the  other  kind.  Such  a degree  of  force 
was  abfolutely  neceffary  in  thefe.  Since  the 
juices  are  incapable  of  decomposing  food  of 
ccnfiderable  firmnefs.  Such  as  feeds,  the  na- 
tural food  of  birds  with  gizzards  ; and  there- 
fore an  agent  capable  of  breaking,  tritura- 
ting, and  thus  pre-difpohng  them  for  digef- 
tion  became  neceffary  ; and  Such  are  in  reality 
the  gaitric  mufcles  in  thefe  fowls. 
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CONCERNING  DIGESTION  IN  ANI- 
MALS WITH  MEMBRANOUS  STO- 
MACHS. FROGS.  NEWTS.  EARTH 
AND  WATER  - SNAKES.  VIPERS. 
FISHES.  SHEEP.  THE  OX.  THE 

!!  H O R S E . 

O examine  at  full  length  the  nature  of 
JL  digeftion  is  the  objedt  of  thefe  difl'er- 
tations.  By  extending  my  enquiries  to  the 
three  clafles  to  which  all  animated  beings 
may  be  referred,  I hope  to  be  enabled  to  folve 
the  problem  in  a fatisfadlory  manner.  Of 

I thefe  claifes  the  firft  comprehends  animals 
with  mufcular,  the  fecond  with  intermediate, 
J'  and  the  third  with  membranous  ftomachs. 
The  laft  clafs  is  infinitely  more  numerous 
than  the  two  former.  If  we  fuffer  our  ima- 
gination to  range  over  the  immenfe  multi- 
tudes of  quadrupeds,  fidi,  reptiles,  birds  of 
prey,  not  even  excluding  man  hiinfelf,  we 
lhail  find,  that  they  are  all,  or  nearly  all,  en- 
dowed with  membranous  ftomachs;  not  to 
mention  that  numberlefs  tribe  of  minute  be- 
ings, the  greater  part  of  infedts.  My  talk 
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would  have  been  endlefs  if  I had  projected 
enquiries,  I will  not  fay  concerning  every 
fpecies  of  animals  included  under  thefe  ge- 
nera, a project  which  many  academies  v/ould 
not  be  able  to  execute,  much  lefs  a fingle  ob- 
ferver  ; but  concerning  great  part  of  them, 
i was  therefore  obliged  to  coniane  myfelf  to 
refearches  upon  a fmall  number.  Thefe  re- 
fearches  combined  with  others  already  re- 
lated in  the  two  fird  differ tations,  will  be 
diffident,  if  I am  not  very  much  rnidaken, 
to  fet  the  theory  of  digeftion  in  a clear  point 
of  view,  both  in  animals  and  man.  As  the 
various  fpecies,  which  I take  into  confidera- 
tion,  cannot  be  all  exhauffed  in  a fingle  dif- 
fertation,  I diali  diftribute  them  into  leverai, 
beginning  with  the  animals  that  are  fituated 
lowed:  in  the  leale  of  fentient  beings,  and 
ending  with  that  which  occupies  the  highed 
and  nobled  place,  with  man. 

CV.  Let  us  begin  then  with  frogs  and  wa- 
ter-newts, two  fpecies  of  fmall  carnivorous 
animals.  As  the  mouth  and  cefophagus  in 
the  former  are  large,  it  was  eafy  to  introduce 
tubes  into  their  long  domaens.  But  I was 
foon  aware,  that  it  would  be  neceffary  to 
make  experiments  upon  a great  number  at 
once,  if  I wilhed  to  know  what  changes  the 
fedi  enclofed  within  the  tubes  underwent  in 
the  courfe  of  feveral  days  ; for  the  tubes  were 
very  often  vomited  up,  and  at  uncertain  in- 
tervals, fometimes  in  a few,  fometimes  in  fe- 
veral hours  after  they  had  been  fwallowed; 
at  others  again,  after  a whole  day,  and  in 
fonie  indances,  after  a dill  longer  interval. 
As  I knew,  that  this  fpecies  of  animal  very 
greedily  devoursany.for.tof  delh  that  falls  in  its 
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\vày,  I did  not  think  of  feledting,  but  took 
What  happened  to  comefirfi:  to  my  hands,  and 
this  proved  to  be  a piece  of  the  fmall  intef- 
tine  of  a lheep,  which  I divided  into  twelve 
portions,  and  enclofed  them  in  as  many  tubes. 
Thefe  tubes  were  diftributed  among  fix  of 
my  largeft  frogs,  two  being  allotted  to  each. 
They  were  kept  ill  a very  large  veffel  of  wa- 
ter with  high  perpendicular  lides,  that  they 
might  not  make  their  efcape.  I negledted 
the  tubes  that  were  thrown  up,  and  examin- 
ed thofe  only  which  remained  in  the  fto- 
mach.  In  the  fpace  of  a day  I obferved  the 
following  refults.  From  the  intervals  of  the 
grating  which  lay  before  the  open  extremi- 
ties of  the  tubes*  there  oozed  out  a cineriti- 
ous  matter,  which,  when  touched,  adhered 
to  the  fingers,  and  formed  long  filaments. 
When  the  grating  was  removed,  I perceived, 
that  this  gluten  was  nothing  but  the  flefh  it- 
felf,  which  at  that  part  began  to  be  decom- 
pofed  and  to  change  its  nature,  retaining 
however  the  charadteriftic  marks  of  flefh  in 
the  more  internal  parts  of  the  tubes.  Upon 
opening  the  ftomachs  I did  not  find  any  gaf- 
tric  fluid;  they  were  quite  dry. 

CVI.  In  two  tubes  that  were  examined  at 
the  expiration  of  two  days,  the  flefh  had  un- 
dergone a further  decompolition.  It  now 
not  only  oozed  out  at  the  mefhes  of  the  lat- 
tice-work, but  likewife  at  mofl  of  the  per- 
forations in  the  fides  of  the  tubes  ; and  when 
it  was  drawn  out  with  the  point  of  a pair  of 
forceps,  and  then  freed  by  wafhing  from  the 
vifcid  mucilage,  what  remained  of  real  flefh 
or  inteftine  was  fo  very  little,  that  I do  not  be- 
lieve it  exceeded  the  thirtieth  part  of  its  ori- 
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ginal  weight.  At  the  end  of  the  third  day 
there  remained  but  a llngle  tube  in  one  frog; 
in  this  there  was  no  flefh,  but  it  had  been  all 
diffolved  into  gluten,  had  oozed  out  of  the 
tube,  and  adhered  to  the  fides  of  the  fto- 
mach,  excepting  a very  fmall  portion  that 
was  flicking  to  the  tube.  This  vifcid  matter 
was  inlipid  to  the  tafle,  a certain  proof  that 
the  gaflric  fluid  had  effedted  this  alteration 
without  the  concurrence  of  any  mechanical 
adtion  of  the  flomach.  It  mull  however  be 
allowed,  that  this  fluid  is  exceedingly  flow 
in  producing  its  effedts,  flnceit  required  three 
days.  This  flownefs  mufl  have  arifen  either 
from  the  fmall  quantity  or  inefficacy  of  the 
fluid,  or  perhaps  from  both  caules.  In  confe- 
quence  of  this  tardy  adtion  I found  in  fimilar 
experiments  upon  fix  other  frogs,  that  the  fleffi 
in  fome  of  the  tubes  was  not  entirely  con- 
furAed  at  the  end  of  the  fifth  day. 

CVII.  The  gaflric  liquor  of  frogs  is  not 
however  on  this  account  incapable  of  con- 
codling  in  time  fubftances  which  we  fhould 
have  fuppefed  above  its  power,  viz.  bones. 
In  a quantity  of  frogs  brought  me  one  day 
by  the  fifhermen,  there  was  one  fo  large,  that 
I Was  induced  by  its  enormous  fize  to  kill  it, 
in  order  to  fee  what  it  contained  ; I found, 
that  the  enlarged  bulk  was  owing  to  amoufe 
in  the  cavity  of  the  flomach.  The  hair  had 
begun  to  fall  off,  and  the  fkin  was  become  fo 
Very  tender,  that  it  had  loft  its  cohelion.  The 
fore  as  well  as  the  hind  legs  had  undergone  a 
greater  degree  of  folution,  thè  naked  bones 
only  being  left,  and  they  were  conliderably 
wafted  and  converted  into  a femi-gelatinous 
fubftance.  The  moufe  upon  being  opened 
^ appeared 
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appeared  quite  found  internally,  the  destruc- 
tion was  entirely  confined  to  the  furfaee,  and 
therefore  occasioned  by  the  gaftric  fluid, 
which  had  begun  to  adt  here  on  the  external 

fiarts,  juft  as  it  does  in  animals  with  mufeu- 
ar  and  intermediate  Stomachs.  The  thinnefs 
of  the  extremities  permitted  the  fluid  to  pe- 
netrate them  with  greater  facility,  hence  it 
had  almoft  confumed  them  without  fparing 
even  the  bones.  In  this  in  Stance  1 could  not 
perceive  any  fign  of  trituration,  for  the  moufe' 
was  neither  bruifed  nor  lacerated  ; nor  can  I 
conceive  what  other  force  can  be  exerted  by 
Stomachs  compofed  of  fueh  fine  coats,  be- 
sides that  of  compreifing  the  bodies  they 
contain,  when  they  happen  to  be  very  large. 

CVIII.  The  mouth  and  throat  of  water- 
newts  are  both  fo  narrow,  that  they  would 
not  admit  the  ufual  tubes,  they  however  ad- 
mitted others  made  in  the  fame  form,  but  of 
a Smaller  fize,  on  purpofe  for  them.  From 
having  kept  thefe  animals  in  my  houfe  for  Se- 
veral years,  both  when  I had  occafion  to  exa- 
mine the  circulation  of  the  blood,  and  to 
obferve  the  admirable  reproduction  of  their 
.limbs,  I had  learned,  that  the  food  which 
they  devour  with  the  greateft  avidity  is.  living 
j earth-worms  (a).  Nearly  the  fame  obferva- 
tion  is  made  by  my  illuftrious  friend  Mr, 


(a)  I treat  at  full  length  of  tlicfe  aquatic  lizards  in  my 
three  works  intituled, 

Prodromo  di  tin’  opera  da  imprhmeru  Sopra  le  riprodu- 
zioni animali, 

Del  Azione  del  Cuore  ne’  vafi  Sanguinei, 

De’  Fenomeni  della  Circuizione  obfervata  nel  giro 
ùniverfalc  de’  vafi. 
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Bonnet,  in  his  fine  memoir  concerning  the  re* 
production  of  the  limbs  in  water-newts  t in 
which  he  confirms  my  difcovery  of  this  won- 
derful reproduction  in  the  cleared:  and  moll 
decifive  manner,  after  it  had  been  queftioned 
by  Melfrs . Adanfon  and  Bomare,  for  want  of 
addrefs  and  Hull  in  making  experiments  on 
this  branch  of  zoology  {a) . I had  then  recourfe 
to  earth-worms;  they  were  cut  in  pieces, 
and  placed  alive  in  the  tubes,  which  were  in- 
troduced into  the  ftomachs  of  feveral  fala- 
manders.  The  gaftric  fluid  of  thefe  little 
reptiles  added  more  fpeedily  than  that  of 
frogs  (CVI).  The  divided  worms  began  to 
change  colour  in  fifteen  hours,  and  to  become 
foft  and  flabby.  About  the  thirtieth  hour 
the  parts  had  lofi:  their  cohefion,  and  the 
rings  were  no  longer  vifible  ; and  in  lefs  than 
two  days  they  were  converted  into  a whitifh 
pulp,  of  which  the  greateft  part  had  run  out 
of  the  tubes. 

CIX.  The  difledtion  and  examination  of 
the  ftomachs  of  newts,  prelented  me  with  a 
phenomenon,  which  muft  not  be  concealed 
from  the  reader,  both  on  account  of  its  An- 
gularity, and  the  light  it  throws  on  the  pre- 
fent  fubjedt.  This  phasnomenon  is  nothing 
lefs  than  a great  number  of  fmall  white  worms 
in  this  vifcus,  vifible  to  the  naked  eye  ; of  the 
thicknefs  of  a thread,  and  the  length  (at  leali 
the  largeft)  of  two-thirds  of  an  inch;  how- 
ever if  we  with  to  examine  them  minutely,  we 

[a)  The  memoir  is  inferted  in  Rozier’s  Journal  for 
November,  1777. 

N.  B.  it  is  likewife  reprinted  in  the  late  collection  of 
his  works. 
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muft  employ  the  mifcrofcope.  They  are  of 
two  forts  ; in  one  both  extremities  terminate  in 
a point,  the  other  has  one  end  pointed  ; but 
the  other  obtufe,  and  marked  with  a dark 
fpot;  the  latter  fpecies  is  fhorter  than  the 
former,  and  thinner  in  the  fame  proportion. 
Each  fpecies  is  furnifhed  with  rings,  nar- 
rower at  the  ends  of  the  body,  and  wider  at 
the  middle,  as  is  generally  the  cafe  in  anu- 
lar  worms.  Thefe  two  forts  of  worms  are 
not  flat  or  compreffed,  but  round  ; it  is 
therefore  certain  that  they  do  not  belong  to 
the  genus  of  tcenia,  or  the  gourd-worm,  but 
to  that  of  round  or  columnar  worms  (teretes). 
They  are  not  loofe  in  the  cavity  of  the  fio- 
mach,  as  the  worms  lodged  in  the  inteftines 
of  larger  animals  commonly  are,  but  are  al- 
ways found  with  one  extremity  inferted  to 
fome  depth  in  the  internal  coat  of  that  organ  ; 
hence  it  requires  fome  force  to  detach  them, 
and  frequently  they  break  fooner  than  fepa- 
rate.  Of  thole  that  have  the  dark  1'pot,  the 
more  obtufe  end  is  fixed  in  the  ftomach  ; 
it  is  impoflible  to  fay  whether  this  is  the  cafe 
with  refpeCt  to  others,  Ance  both  ends  are 
equally  pointed.  The  loofe  extremity  pro- 
jects into  the  cavity  of  the  ftomach,  fome- 
times  coiled  up  in  the  form  of  a circle, 
and  at  others  twifted  in  a fpiral.  If  the  flo- 
jnach  be  taken  out  of  the  animal,  and  fet  to 
macerate  in  water,  the  worms  live  for  many 
hours  without  quitting  their  fituation  : if 
afterwards  we  feparate  them  with  the  hand, 
without  breaking  them,  and  place  them  upon 
fome  fubftance,  in  order  to  obferve  their 
jnovements,  they  will  be  feen  to  writhe  in 
various  directions;  fometimes  bringing  the 
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mouth  towards  the  tail  -,  fometimes  fetch- 
ing themlelves  in  a right  line  ; and  at  others 
making  ftrange  contortions,  as  is  uiual  with 
reptiles  in  general. 

CX.  Not  being  able  to  conjecture  for.  j 
what  purpofe  the  part  perpetually  inferted  in. 
the  fubdance  of  the  vifcus,  could  be  deflgn- 
ed,  unlefs  it  was  to  fuck  the  thinneil  and, 
pureft  part  of  the  liquor  -,  and  ccnfequently 
fuppofing  it  to  be  the  head  of  the  animal,  or  at 
lead:  fome  analogous  part,  I tried  to  difcover, 
the  mouth  with  the  aid  of  the  microfccpe  ; 
but  my  endeavours  were  vain.  I believe, 
however,  that  I found  the  alimentary  canal  ; 
it  is  a bright  diver-coloured  fpecies  of  intef- 
tine,  running  along  the  worm,  in  a tortuous 
manner,  from  dde  to  dde  ; it  is  always  full 
of  a number  of  particles,  which  fluctuate  re- 
gularly, like  a buoy,  probably  impelled  by 
a fort  of  peridialtic  and  antiperiftaltic  mo- 
tion. This  canal  is  common  to  each  fpe- 
cies ; in  that  with  a dark  fpot  at  one  ex-  . 
tremity  (CIX),  a fecond  canal  may  be  per- 
ceived ; it  is  draft,  and  probably  (I  fhould 
rather  fay  certainly)  the  receptacle  for  the 
eggs  ; for  I have  always  obferved  it  more  or 
lei's  full  of  a great  number  of  corpufcles,  of  an. 
oval  fhape,  floating  in  - a very  tranfparent. 
lymph  i thefe  corpufcles,  when  the  worm  is 
hot  in  motion,  always  continue  at  reft-.  If 
we  lay  hold  of  the  animal  by  its  extremities, 
and  break  it  in  the  middle,  the  little  canal 
will  generally  be  broken,  and  the  ovula  will 
make  their  efcape  in  a dream  from  the  lace- 
rated part.  It  is  not  difficult  to  burd  them 
between  two  pieces  of  talc,  when  a thin  fluid 
fpiirts  from  them  5 after  which  the  eggs  be- 

'l  come 
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come  dry  and  opake,  confining  now  of  no- 
thing but  the  empty  envelope,  as  always 
happens  to  the  membranaceous  eggs  of  fmall 
animals.  Each  worm  of  this  fpecies  is  fur- 
nifhed  with  thofe  oval  particles  enclofed  in 
their  canal  ; if  they  are  real  eggs,  as  there  is 
great  reafon  for  fuppofmg,  we  muft  conlude 
that  every  individuai  is  an  hermaphrodite  ; it 
will  however  remain  doubtful  whether  they 
are  ftridtly  fo;  i.  e.  have  no  need  of  copu- 
lation, like  fweet  water  polypes,  and  many 
other  forts  of  microfcopical  animals,  &c.  or 
elle,  in  the  wider  acceptation  of  the  term, 
are  like  teftaceous  and  naked  fnails  and  earth- 
worms ; each  of  which  brings  forth  eggs  and 
living  young,  but  requires  the  concurrence 
of  another  individual. 

CXI.  It  would  not  be  an  improper  quef- 
tion,  if  I were  afked  whether  thefe  worms 
Jodge  in  healthy  newts,  or  rather  in  fuch 
only  as  are  difeafed.  This  doubt  fuggefted 
itfelf  to  me  ; and  in  order  to  clear  it  up,  I ex- 
amined not  only  fuch  as  I kept  at  home,  and 
were  therefore  liable  to  the  fufpieion  of  un- 
healthinefs,  but  fuch  alfo  as  were  newly 
caught,  and  full  of  health  and  vigour;  but 
the  ftomachs  both  of  the  one  and  the  other 
harboured  alike  thefe  unpleafant  guelfs.  But 
it  mull:  be  obferved  that  they  do  not  fix 
their  abode  in  all  newts;  and  that  in  thofe 
where  they  do,  they  are  not  equally  nume- 
rous. Of  the  immenfe  number  I have  open- 
ed at  different  times,  and  with  different  views, 
three-fourths  have  had  a family  of  worms 
in  their  ftomachs  ; which  is  fometimes  cpm- 
pofed  of  only  five  or  fix  individuals  ; at 
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others  of  feveral  dozens,  and  at  others  again 
of  an  hundred  or  more. 

CXII.  In  my  numerous  examinations  of 
the  flomachs  of  the  different  animals  men- 
tioned in  this  work,  crows  alone  have  exhi- 
bited a phenomenon  nearly  refembling  what 
is  found  in  newts;  I mean  a quantity  of 
worms  lodged  in  the  ftomach.  But  thefe 
worms  are  not  inferted  into  the  internal  coat, 
as  in  newts,  but  are  found  between  the  in-, 
ternal  and  the  nervous.  We  are  very  well 
acquainted  with  the  little  worms  that  live  in 
trees,  and  generally  fix  their  abode  between 
the  bark  and  the  wood  ; and  lurking  there 
unfeen,  devour  the  cortical  part,  which  fur- 
nifhes  them  with  an  agreeable  aliment.  If 
the  bark  fhould  be  parted  from  the  trunk  on 
purpofe,  or  by  accident,  their  devaluations, 
are  expofed  to  view,  in  the  form  of  excavat- 
ed paths,  winding  backwards  and  forwards 
in  a ferpentine  direction  ; nor  is  it  uncom- 
mon  to  furprize  the  worms  adtually  employed 
in  forming  thefe  excavations,  which  ferve 
them  at  once  for  food  and  lodging.  The 
fame  thing  nearly  is  obfervable  with  refpedt 
to  the  worms  of  crows.  If  the  internal  be 
parted  from  the  nervous  coat  llowly  and  care- 
fully, thefe  animals  are  fuddenly  expofed  to 
the  eye,  adhering  for  the  mod:  part  to  the 
back  of  the  internal  coat,  lurking  in  certain 
cavities  formed  in  its  fubflance,  and  which 
in  all  likelihood,  arife  from  the  erofion  of 
thefe  very  worms.  Further,  we  find  fome 
with  both  ends  expofed,  while  the  middle  is 
deeply  buried  in  the  fubflance  of  the  internal 
coat.  Lafllv,  others  have  one  extremity  in- 
ferted into  this,  and  the  other  into  the  adja- 
cent 
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cent  nervous  coat  ; but  they  never  make  their 
way  into  the  cavity  of  the  llomach.  Thefe 
worms  do  not  appear  to  differ  from  thofe  in 
newts,  in  colour,  length,  thicknefs,  or  in  the 
alimentary  canal  ; they  have  however  oneelfen- 
tial  difference,  they  are  without  rings,  but  have 
a fmooth  and  flippery  fkin.  In  their  motions 
they  are  dull  and  languid  ; when  taken  from 
their  abode,  and  placed  in  water,  they  live 
many  hours.  They  are  found  both  in  grey 
crows  and  rooks;  but  I have  never  feen  them  in 
any  part  of  the  body  except  the  llomach. 

CXIII.  But  let  us  return  to  the  worms  in 
newts  (CIX,  CX,  CXI),  and  confider  them 
in  as  far  as  they  relate  to  digeflion.  I affert 
that  their  prefence  is  an  incontrovertible 
proof,  that  no  fenfible  degree  of  force  is  ex- 
erted by  the  llomach  ; for  how  is  it  poffible 
to  conceive  that  the  Ikies  of  the  llomach  can 
rub  againll  each  other,  or  at  leali  impinge 
againft  the  food,  without  doing  the  fmallell 
injury  to  the  delicate  ftruóture  of  thefe 
worms  ? I have  more  than  once  taken  the 
llomach  of  a newt  between  my  thumb  and 
finger,  and  comprelfed  it  very  gently,  or  rub- 
bed it  lightly,  and  upon  opening  it,  have 
always  found  fome  rupture,  fonie  dilconti- 
nuation  in  the  parts  of  thefe  worms.  We 
mull  therefore  conclude,  that  digeflion  in 
water-newts  is  folely  the  effedl  of  the  gaflric 
fluid,  of  which  the  efficacy  has  been  already 
(hewn  in  the  decompoiition  of  earth-worms 
inclofed  in  tubes  ( CVIII  ).  I have  allo 
feen  this  efficacy,  in  a manner  equally  link- 
ing, on  worms  which  newts  have  taken  and 
fwallowed  of  their  own  accord.  How  tena- 
cious thefe  minute  reptiles  are  of  life,  is 
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abundantly  proved  by  cutting  them  into  fe, 
veral  pieces,  in  gonfequence  of  which  they 
do  not  die  ; but  on  the  contrary  multiply,  as 
many  worms  being  produced  as  parts  "into 
which  they  were  divided  (a).  It  is 
true,  they  do  not  ceafe  to  live  after  hav^- 
ing  remained  ten  or  twelve  hours  in  the  fto^ 
mach  of  a newt  ; nay,  when  they  fill  it  too 
full,  they  void  fome  alive  and  crawling  by 
the  mouth,  whether  by  adtual  vomiting,  or 
whether  the  worms,  after  various  movements 
in  fo  difagreeable  a place  of  confinement,  at 
laft  find  their  way  out  through  the  cefopha- 
gus.  But  they  certainly  die  at  laft,  not  be- 
caufe  they  are  triturated  or  crufhed  to  pieces, 
for  they  continue  whole  feveral  hours;  the 
gaftric  fluid  firft  foftens  and  then  converts 
them  into  a gelatinous  fubftance,  and  by  a 
continuance  of  its  adlion^  at  length  reduces 
them  to  an  impalpable  mais. 

CXIV.  But  how  came  the  tender  worms 
in  the  ftomach  to  efcape  iolution,  when  all 
other  infedts,  whether  aquatic  or  terreftrial, 
upon  which  the  newt  feeds,  die  and  are  di- 
gested ? If  it  ftiould  be  faid,  that  this  hapr 
pens  becaufe  they  have  been  habituated  to 
the  ftomach  by  long  refi  fence,  the  difficulty 
would  be  perhaps  removed-  to  a greater  dii— 
tance,  but  certainly  not  taken  away  altoge- 
ther. As  the  caule  of  this  phenomenon, 
we  mo  ft  affign  the  inability  of  the  gaftric 
fluid  to  decompofe  thefe  minute,  beings,  how- 
ever powerful  may  be  its  energy  upon  others 
of  a ftrudiure  lefs  delicate;  juft  as  a chemical 

[n]  See  Reaumur,  Bonnet,  and  my  Profpe&uE. 
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menftruum  is  capable  of  diffolving  one  me- 
tal, but  not  another.  Thus  aqua  regia  dif- 
folves  gold,  but  not  filver;  or  an  acid  that 
combines  with  the  calcareous,  has  no  attrac- 
tion for  the  argillaceous  and  filiceous  earths. 
Nearly  the  fame  difference  of  digeftion  is  alfo 
obferved  in  that  of  polypes  provided  with 
arms;  they  fometimes  1 wallow  their  own 
arms  along  with  infers  ; but  though  the 
former  die  and  are  digefled,  the  fecond  do 
not  in  the  leaft  fuffer.  Thus  a polype  infert- 
ed  into  the  ftomach  of  another  polype,  con- 
tinues to  live  as  before  (a). 

CXV.  But  let  us  proceed  to  ferpents,  of 
which  J propofed  to  treat  after  frogs  and 
newts.  Thofe  which  are  moft  ealily  pro- 
cured in  the  environs  of  Pavia  are  certain 
terreftrial  fnakes,  called  in  fome  provinces 
of  Italy,  Smiroldi  ib );  water-fnakes,  which 
many  naturalifts  call  fwimming  (natrices)  ( c ). 
The  firft  confiderably  exceed  the  natrices  and 
vipers  in  fize.  The  largeft  are  about  an  inch 
and  a half  in  thicknefs  towards  the  middle  of 
<;i  1 1 1 'orty-five  and  fometimes 


body  is  white  mixed  with  yellow  and  green 
ftreaks,  the  upper  part  is  blackifh,  but  to- 
wards the  neck  and  head  interfperfed  with  a 
milky  white.  They  fly  with  greater  fpeed 
than  the  water-fnakes,  and  far  greater  than 

(a)  Trembley,  Mem.  fur  les  polypes. 

( b ) Not  defcribed  by  Linnaeus  or  any  other  naturali#, 
as  far  as  I know.  . 

(c)  Natrix.  Linn.  Syft.  Nat.  T.  I.  Natrix  torquata. 
Ray.  quadr. 


The  lower  part  of  the 


vipers. 


1 12 


DISSERTATION  III. 

vipers.  They  are  not  inferior  to  the  latter 
in  a fpirit  of  revenge,  and  their  bite  alfo 
draws  blood,  a6  I have  myfelf  experienced, 
but  is  harmlefs.  Before  I made  ufe  of  the 
tubes,  I wiflied  to  acquire  fome  knowledge 
of  the  oefophagus  and  flomach.  Having 
therefore  fkinnedone,  and  blown  up  the  cefo- 
phagus  in  fuch  a manner  that  the  air  could 
neither  pafs  out  above  nor  at  the  pylorus,  it 
appeared  to  me  to  refemble  a large  intelline, 
cylindrical  for  about  the  length  of  nine 
inches,  and  becoming  gradually  narrower  be- 
low, fo  as  to  form  a funnel  of  the  length  of 
four  inches  and  an  half.  I foon  perceiv- 
ed, that  this  funnel  was  the  true  ftomach, 
and  the  intefline  the  oefophagus.  Both  the 
trachea  and  lungs  run  along  the  oefophagus, 
to  which  they  are  firmly  attached  by  means 
of  a membrane,  as  alfo  is  the  heart,  which  has 
the  fhape  of  an  elongated  pyramid,  fituated 
at  the  origin  of  the  lungs.  We  find  like- 
wife  a vi  feus  arifing  from  the  bafis  of  the 
heart,  afeending  upwards  along  the  oefopha- 
gus, and  adhering  in  great  meafure  to  the 
trachea  : it  is  of  the  fame  length  as  the  lungs, 
but  its  fubftance  is  different,  being  tender 
andafh-coloured;  I could  not  then  determine 
what  it  was.  Next  below  the  lungs  lies  the 
liver,  which,  together  with  the  vena  porta- 
rum,  refembles  a long  narrow  leaf  attached  tp 
a very  long  footflalk  ; both  adhere  to  the  oefo- 
phagus. Below  the  flomach  we  find  the 
fjpleen,  nine  lines  in  length  and  of  a very 
acute  oval  fhape.  The  gall-bladder  lies  in 
the  region  of  the  finali  inteflines,  confe- 
quently  atagreat diflancefrom  thelivpr;  when 
we  prefs  it  the  dudt  is  filled  with  bile,  which 
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it  evidently  difcharges  into  the  duodenum  at 
about  the  diftance  of  an  inch  from  the  pylo- 
rus. Near  the  gall-bladder  we  find  another 
body  fmaller  than  it,  attached  to  the  duode- 
num, and  of  a flefhy  confidence.  I fhould 
iuppofe  it  to  be  the  pancreas. 

CXVI.  If  we  feparate  the  cefophagus  and 
ftomach  from  the  lungs  and  other  parts  juft 
defcribed,  and  open  it  longitudinally,  the 
cefophagus  appears  (imply  membranous  j the 
membrane  of  which  it  confifts  is  very  thin 
and  of  a fiver  colour.  The  ftomach  is  com- 
pofed  of  thicker  fdes,  and  among  the  coats 
which  compofe  it  we  have  one  of  nelh,  which 
like  the  flelhy  coats  of  other  membranous 
ftomachs,  is  very  thin.  I could  not  perceive, 
that  the  cefophagus  is  provided  with  any 
glands  or  follicles 3 but  I obferved,  that  the 
ftomach  was  abundantly  fupplied  with  them 
throughout  its  whole  length  ; they  difcharge 
part  of  their  liquor  on  being  prefled,  and  the 
internal  coat  is  moiftened  with  it. 

CXVII.  I come  now  to  experiments  rela- 
tive to  digeftion.  I found  great  facility,  not 
only  in  palling  the  tubes  into  the  ftomach, 
but  likewife  in  bringing  them  up  whenever 
I pleafed.  I made  an  afti ftant  lay  fall  hold  of 
the  fnake  fo  as  to  prevent  its  ftriking  or 
wreathing  round  the  body,  while  I opened 
the  mouth  and  forced  a tube  in  lengthwife, 
and  then,  by  means  of  a thin  rod,  thruft  it 
two  or  three  inches  down  the  throat.  After 
this  the  reft  followed  of  courfe  ; for  Ì had 
only  to  prefs  with  my  fore-finger  and  thumb 
the  neck  of  the  animal  in  the  place  oppofte 
to  the  top  of  the  tube,  which  was  forced  to 
defcend  for  fonie  way  down  the  cefophagus, 

and 
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and  by  a repetition  of  the  fame  manoeuvre  Ì 
foon  brought  the  tube  to  the  bottom  of  the 
ftomach.,  which  I knew  by  the  refinance  it 
made  when  I attempted  to  jpufh  it  lower  j for 
now  the  narrow  paffage  of  the  pylorus  pre- 
vented its  defeent.  By  a like  preffure,  but 
made  in  the  oppoftte  direótion,  from  below 
Upwards,  I could  bring  up  the  tube  from  the 
ftomach  into  the  cefophagus,  and  thence  out 
through  the  mouth.  I employed  this  con- 
trivance for  introducing  the  tubes  into  the 
ftomach,  and  bringing  them  out  at  the  mouth 
in  water- fnakes  likewifc,  and  even  vipers* 
managing  the  laft  however  with  fome  care* 
which  is  very  requifite,  in  order  to  avoid  be- 
ing bit  by  thefe  ferpents  during  the  operation* 
when  they  are  hi  ghly  exafperated. 

CXVIII.  When  I was  opening  fome  of 
my  land-fnakes  {fmiroldi)  to  examine  the  ali- 
mentary canal,  I found  in  the  ftomach  of  one  a 
wall-lizard  not  in  the  leaft  injured  or  digefted; 
I thought  of  employing  it  for  my  experi- 
ments, as  it  mu.it  be  a kind  of  food  well 
adapted  to  thefe  reptiles.  I therefore  enclofed 
a piece  of  the  tail  of  this  lizard  in  a tube* 
which  continuedfora  whoieday  in  the  ftomach 
without  its  contents  being  at  ail  diftolvedi 
Thirty-fix  hours  produced  fomething  more; 
The  tail  of  the  lizard  is  compofed  of  a num- 
ber of  little  mufcles,  qnchafed  one  within  the 
other,  and  bound  round  by  a thin  anular 
membrane.  The  piece  of  tail  was  placed  in 
the  tube  in  fuch  a manner,  that  the  inverting 
membrane  was  in  contadi  with  the  tides,  and 
the  mufcles  were  bare  at  the  open  ends.  The 
membrane  had  luftained  no  in  j ury,but  the  muf- 
cles' were  eroded  on  the  plane  of  fedlion,  and 

a little 
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à little  excavated.  Upon  touching  them  I 
found,  that  they  had  been  converted  into  a 
gluten  of  fome  vifcidity.  The  galline  fluid 
then  (for  the  mechanical  aft  ion  of  the  fio-* 
reach  could  produce  no  effeft  within  the 
tubes,  were  any  iuchaftion  to  be  exerted  at  all) 
had  begun  to  digeft  the  della,  by  difibtving 
what  lay  at  the  ends  of  the  tube  before  if  at- 
tacked that  which  was  contiguous  to  the 
Tides  ; not  only  becaufe  it  was  not  covered  by 
the  membrane,  but  alfo  becaufe  it  had  freer 
accefs  at  the  ends  : the  foìu  tión  however  went, 
on,  though  very  flow]  y ; for  after  the  tube 
had  been  five  days  in  the  Ifomach,  a little  of 
the  mufcular  fielh  remained,  and  the  mem- 
brane was  almofi:  entire,  * 

CXTX.  The  fielh  of  a lizard’s  tail  is  rather 
tough,  and  it  was  probable,  that  this  cir- 
cumftance  had  retarded  the  progrefs  of  dì- 
geftion  ; it  was  therefore  proper  to  employ 
fome  of  a lefs  firm  texture;  accordingly  part 
of  the  liver  of  the  fame  animal  was  enclofed 
in  the  tube,  and  given  to  a fnake  (fimrtMo)* 
In  this  infiiance  digefiiion  was  more  fpeedy  5 
for  in  three  days  and  an  half  the  tube  was 
quite  empty. 

But  what  if  inftead  of  enclofing  the  fieli) 
in  tubes,  we  Ihould  introduce  it  into  the  ffo- 
mach  without  any  covering  ? It  was  obvious  to 
(uppofe,  that  it  would  be  fooner  digefted, 
b nee  the  gaftric  juice  would  have  fréer  fcope 
Tor  its  aftion.  And  fo  in  reality  it  happened. 
A piece  of  lizard’s  tail  of  the 'fame  fize  as 
in  a preceding  experiment  (CXVIII),  did 
not  require  quite  two  days  for  its  digeflion; 
and  a portion  of  liver,  equal  to  that  be- 
fore-mentioned (CXVIII),  underwent  the 

fame 
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fame  procefs  in  thirty-two  hours.  Of  this 
I allured  myfelf  by  opening  the  ftomachs  of* 
the  two  fnakes,  one  or  which  had  taken  part 
of  the  liver,  and  the  other  of  the  tail. 

CXX.  We  come  now  to  the  water-fnakes 
or  the  natrices.  Nothing  can  be  more  link- 
ing than  the  refemblance  between  the  fto- 
mach  and  the  cefophagus  in  this,  and  the  fore- 
going fpecies,  Befides  the  trachea,  lungs, 
heart,  liver,  vena  portarum,  having  nearly 
the  fame  configuration,  and  lying  on  the 
fame  parts  of  the  cefophagus  ; this  cavity  is 
very  capacious  and  long,  confifts  in  like  man- 
ner of  thin  membranous  coats,  and  ends  in  a 
funnel*  which  is  the  true,  ftomach  of  the 
animal.  The  gall-bladder  too  is  about  an 
inch  dillant  from  the  lungs,  and  depofits  its 
contents  in  the  duodenum,  by  means  of  the 
cyllic  dud:.  The  ftomach  allò,  as  we  have 
obferved  in  the  land-fnake  ( fmiroldo ),  is 
furniftied  with  a great  number  of  follicular 
glands, 

CXXI.  It  is  eafy  to  learn  the  nature  of  the 
food  of  water-fnakes,  and  we  ought  in  con- 
fequence  to  provide  it  for  our  experiments. 
Among  the  antients  Oliger  Jacobeus,  where 
he  treats  of  frogs,  and  among  the,  moderns 
Valifneri  will  fatisfy  us,  that  thefe  reptiles 
live  chiefly  upon  frogs.  Next  to  man  wa- 
ter-fnakes may  be  denominated  their  greateft 
fcourge.  They  particularly  frequent  the 
water  of  ditches,  puddles,  ponds,  lakes,  fuch 
in  fhort  as  is  frequented  by  frogs  ; and  here 
they  make  an  eafy  prey  of  them,  notwith- 
standing they  mutually  give  each  other  no- 
tice when  they  perceive  the  fnake  at  a dis- 
tance, by  a kind  of  whiftle  or  outcry  of  dil- 
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tvefs,  as  I have  often  obferved,  at  which  alì 
j\y  with  the  utmoft  precipitation:  Dante  was 
not  unacquainted  with  this  circumffance. 

Come  le  rane  innanzi  l’inimica 
Bifcia  per  l’acqua  fi  dileguali  tutte. 

Finché  alla  terra  ciafcuna  f ’abbica  '(a). 

A fi fliferman  having  brought  me  three  very 
large  and  vigorous  water-fnakes,  I gave  each 
iit  the  fame  tune  a tube  enclofing  a different 
part  of  a frog;  one  had  mufcle,  the  other 
liver,  and  the  third  fpleen.  The  tubes  were 
left  three  days  and  an  half  in  the  ffomach. 
Upon  forcing  them  out,  I obferved  the  fame 
kind  of  concodtion  that  I had  before  feen  in 
frogs  (CV,  CVI).  The  flefii  was  beginning 
to  be  changed  into  an  adhefive  cineritious 
gluten;  the  interior  parts  were  unaltered. 
The  tubes  were  now  introduced  a fecond 
time  into  the  ffomachs,  and  when  they  had 
continued  there  two  days  they  were  found 
empty  ; Ibme  of  the  adhelive  matter  ftuck  to 
the  outfides  of  two  of  them. 

CXXJI.  It  is  not  unknown  to  naturali  As, 
that  this  fpecies  of  fnake  has  no  teeth,  and  is 
confequently  obliged  to  fwallow  its  prey 
whole.  In  fummer  I have  often  taken  them 
with  whole  frogs  in  the  fiomach.  It  was 
therefore  not  unreafonable  to  fuppofe,  that 
they  are  capable  of  digefiing  the  bones;  and 
the  lefs  fo,  as  it  feems  difficult  for  them  to 
be  voided  backwards,  on  account  of  the 
narrownefs  of  the  intefiines.  It  might  in- 
deed be  fufuedted,  that  thefe  bones  are  vo- 
mited, as  I have  found  to  be  the  cafe  with 

(«)  Infern.  Cant.  9.  Fol.  161. 

Vol.  I,  I the 


n8  DISSERTATION  III. 

the  tubes,  both  in  this  and  the  former  fpe- 
cies  ; but  this  is  not  a conftant  and  regular 
evacuation,  as  in  crows  (LIX)  and  birds  of 
prey,  as  we  {hall  fee  hereafter;  but  takes  place 
at  uncertain  intervals,  and  fometimes  does 
not  happen  at  all  for  feveral  days.  In  order 
however  to  afcertain  the  fadl,  I broke  twq 
tibise  nine  grains  each  to  pieces,  enclofed 
them  in  the  tubes,  and  forced  them  into  the 
ftomachs  of  two  water- fnakes.  After  they 
had  continued  there  two  days,  the)'  v/ere  be- 
come foft,  and  had  loft  three  grains.  In  five  days 
more  they  were  ftill  fofter,  and  now  weighed 
together  only  five  grain  s . Soon  afterwards  the 
two  fnakes  died,  and  it  was  notin  my  power, 
though  I wifhed  very  much  to  profecutè 
this  curious  experiment  as  far  as  it  would  go. 
From  the  beginning  however  of  the  proaxefs 
we  may  fuppofe,  that  the  bones  would  have 
been  totally  diffolved,  and  confequently  it  is 
highly  probable,  that  water-fnakes  digeft  the 
bones  of  thofe  animals  upon  which  they  feed. 

CXXIII.  By  the  activity  of  the  gaftric 
fluid  of  the  water-fnake  in  digefting  not  only 
flefh  but  bone,  I was  induced  to  try  to  pro- 
cure a quantity  that  I might  examine  it  more 
particularly.  For  this  purpofe  I employed 
fpunges  as  before  (LXXXI,  LXXXII),  and 
my  fuceefs  exceeded  my  expectations.  Six 
little  fpunges,  that  had  lain  two  hours  in  the 
ftomachs  of  three  fnakes,  enclofed  in  tubes, 
afforded  me  enough  to  fill  a watch-glals  of  a 
moderate  fize.  It  had  the  following  quali- 
ties ; the  colour  approached  that  of  foot,  it 
had  the  fluidity  of  water,  and  evaporated  very 
flowly:  it  has  both  a fait  and  bitter  tafte,  and 
is  not  inflammable.  Hence  it  appears  to  bear 
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a very  ftrong  refemblanee  to  the  gaftric  fluid  of 
the  other  animals,  upon  which  my  experiments 
have  been  made:  thisrefemblanceextends  like- 
wile  to  the  odour,  which  is  exactly  like  that  of 
the  lame  juices  in  birds  of  prey,  of  which  I 
lhall  lpeak  particularly  in  the  next  Diflerta- 
tion.  I referve  the  account  of  fome  chemi- 
cal experiments  made  upon  this  fluid,  till  I 
/hall  have  an  opportunity  of  fpeaking  of  the 
examination  of  the  other  gaftric  j uices  which 
I have  already  mentioned,  or  /ball  have  oc- 
caflon  to  mention  in  the  prefent  work. 

CXXIV.  We  have  before  feen  the  ftrong 
analogy  between  the  configuration  of  the  fto- 
mach  and  cefophagus  in  land  and  water- 
fnakes.  In  vipers  thefe  cavities  have  the  fame 
general  form;  nor  do  they  differ  with  refpedl 
to  the  efficient  caufe  of  digeftion.  I repeated 
upon  them  mon  of  the  experiments  defcribed 
above:  feveral  tubes,  furnifhed  with  diffe- 
rent forts  of  fleffi,  were  left  in  their  fto- 
machs  for  a fpace  more  or  lefs  long,  and  the 
effedt  was  juft  the  fame  as  in  water  and  land- 
fnakes  ; it  would  therefore  be  fuperfluous  to 
defcribe  them  particularly.  It  will  be  better 
to  turn  the  reader’s  attention  to  fome  experi- 
ments on  thefe  three  fpecies  of  reptiles  dif- 
ferently modified,  but  relative  to  the  fame 
lubiedt. 

CXXV.  Having  frequently  opened  thefe 
animals  when  newly  taken,  I have  fometimes 
obfcrved,  that  their  ftomachs  are  not  large 
enough  to  contain  the  whole  prey,  and  that 
part  lies  in  the  cefophagus.  This  part  never 
(hewed  any  mark  of  concodtion,  notwith- 
flanding  what  lay  in  the  cavity  of  the  Ito- 
mach  was  fometimes  half  digefted.  Thus, 
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for  inftance,  I have  found  five  or  fix  large 
beetles  in  the  body  of  a land-fnake  or  viper; 
thofe  that  lay  in  the  ftomach  were  fcarce  dift 
tinguifhable,  while,  on  the  contrary,  thofe 
in  the  cefophagus  were  entire,  or  nearly  fo, 

I once  faw  a frog  with  the  lower  limbs, 
which  projected  out  of  the  ftomach,  not  at 
all  damaged,  while  the  reft;  of  the  body  lay 
in  the  ftomach  and  was  half  reduced  to  a 
pulp.  Thefe  experiments  made  by  the  fer- 
pents  themlelves  gave  me  reafon  to  fuppofe, 
that  what  takes  place  in  them  is  exadily  con-, 
trary  to  what  happens  in  crows  and  herons, 
for  the  reader  will  remember,  that  in  thefe 
birds  the  cefophagus  is  really  capable  of  di- 
geftion  (LXXVII,  LXXVIII,  LXXIX, 
XCIX,  C);  but  in  the  animals  in  queftion 
it  feems  to  belong  exclufively  to  the  ftomach. 
A very  ftmple  experiment  was  fufticient  to 
afcertain  the  point.  Into  the  ftomach  of  one 
V of  thefe  ferpents  a frog,  for  inftance,  might 

be  fo  introduced  that  part  fhould  lie  in  the 
; oefophagus.  The  frog  might  be  faftened  to 

a cylinder  of  wood,  and  thus  firmly  fixed  in 
the  fame  place.  The  cylinder  fhould  touch 
the  bottom  of  the  ftomach  with  its  lower 
extremity,  and  reach  fome  way  above  that 
organ.  I applied  this  apparatus  to  a water- 
fnake,  and  at  the  end  of  the  fixth  day  opened 
it  longitudinally.  Upon  examination  my  in- 
clination to  believe  that  the  cefophagus  was 
without  efficacy,  was  changed  into  firm  per- 
fuafion.  The  lower  limbs,  the  part  of  the 
animal  that  had  lain  in  the  ftomach,  had  no- 
thing left  but  the  bare  bones,  whereas  the 
whole  body  which  had  extended  into  the 
«Topbagus  had  buffered  no  injury. 
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CXXVI.  The  experiments  related  in  the 
CXVIIth  and  following  paragraphs  were 
made  in  April,  when  the  animals  had  lately- 
quitted  their  lubterraneous  lurking  places, 
and  ffill  retained  fomewhat  of  that  torpor 
which  benumbs  them  during  winter.  At 
this  time  digeifion,  as  we  have  feen,  is  a very 
How  procefs.  Are  we  to  prefume,  that  when 
they  become  more  lively,  aótive*  and  vigour- 
ous,  as  the  heat  of  the  l'eafon  increafes,  they 
likewife  perform  digeifion  more  lpeedily  ? 
for  the  effedt  of  heat  in  promoting  the  ope- 
ration of  the  gaff  rie  fluid  appears  from  other 
faófs  (LXXXVII).  This  idea  was  fuggeifed 
by  feperufmg  the  fine  memoirs  of  the  illuf- 
tfious  Trembley  on  polypes,  in  which  thè 
influence  of  the  temperature  of  the  atmo- 
lphere  upon  the  digeifion  of  thefe  wonderful 
animals  is  evident  -,  infomuch,  that  the  very 
food  which  in  a hot  ieafon  is  completely  di- 
geifed  in  twelve  hours,  when  it  is  cold  re- 
quires fometimes  two  or  three  days;  In  or- 
der to  determine  whether  the  fame  thing 
takes  place  in  my  reptiles,  I chofe July  for  a 
term  of  comparifon,  when  the  difference,  if 
any  exiifed,  muff  needs  be  more  ffriking,  as 
the  thermometer  in  the  Iliade  flood  at  220  and 
23°*;  whereas  in  April,  when  the  firif  ex- 
periments were  made,  it  did  not  rife  above  the 
twelfth  or  fourteenth  deg;  -f , And  now  upon 
repeating  the  experiments  already  deicribed, 
I found  that  heat  has  fonie  power  in  accele- 
rating digeifion,  but  not  lb  much  as  I had 

* Eighty-one  and  an  half$  and  eighty-three  and  three 
fourths,  F. 

t fifty-nine,  and  fixty-thret  ahd  an  half,  F. 
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fuppofed.  Flefb  in  the  tubes  did  not  re- 
quire abovfe  two  days  to  be  completely  di- 
gefled  ; and  when  an  equal  quantity  was  in- 
troduced into  the  llomach  by  itfelf,  about 
half  that  time  was  fuihcient. 

CXXVII.  Naturalifls  were  already  ap- 
prized of  the  tardinefs  of  digeflion  in  fer- 
pents.  In  Bomare  we  read  an  account  of  a 
ferpent  at  Martinico,  which  retained  a chicken 
.in  its  fiomach  for  three  months,  and  did  not 
completely  di  geli  it,  for  it  Itili  preferved 
fome  traces  of  its  lhape,  and  the  feathers  Hill 
adhered  to  the  Ik  in  (a).  It  is  a circumilance 
deferving  of  particular  notice,  and  which  I 
diali  have  occafion  to  apply  in  another  place, 
that  flefh  does  not  become  foetid  from  re- 
maining long  in  the  fiomach s of  thefe  cold 
animals,  as  I have  obferved  in  the  courfe  of 
my  experiments,  and  elpecially  in  a viper, 
which  having  been  kept  above  two  months 
in  my  houfe,  could  not  but  be  unhealthy  ; 
this  individual  retained  in  its  fiomach  for  fix- 
teen  days  a lizard,  which  had  been  previoufly 
macerated  in  the  gaflric  fluid  ; nor  could  I 
perceive  that  it  had  any  odour,  except  that  of 
this  juice.  And  yet  fuch  was  the  heat  of  the 
feafon,  that  another  lizard,  about  the  fame 
fize,  which  I had  placed  out  of  curioiity  in 
a clofe  veffel,  containing  a little  water,  emit- 
ted an  in fuppor table  flench  before  the  expi- 
ration of  the  third  day. 

CXXVIII.  But  what  can  be  the  caule  of 
this  flownefs  of  digellion  in  ferpents  ? As- 
they  are  cold  animals,  that  is  to  fay,  as  their 
blood  very  little  exceeds  the  temperature  of 

(<?}  Dici,  d’Hift.  Nat. 
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the  air,  it  may  feem  probable  that  this  phae- 
nomenon  might  be  owing  to  the  want  of  that 
heat,  which  is  peculiar  to  animals  of  warm 
blood.  And  I fhould  not  have  been  unwil- 
ling to  admit  this  caufe,  if  otheranimals,  with 
blood  equally  cold,  had  not  enjoyed  the  pri- 
vilege of  digefting  their  food  in  a much  ftiort- 
er  period,  as  we  filali  foon  fee  (CXXXIV). 
We  cannot  affign  a deficiency  of  gaftric  fluid- 
as  the  rea  fon,  for  their  ftomachs  abound  with 
it(CXXIIX).  I cannot  attribute  it  to  any 
thing  but  the  inefflcacy  of  the  fluid  itfelf  ; 
and  this  is. by  no  means  Angular,  for  we  have 
already  difcovered  a circumftance  nearly  fimi- 
lar  in  animals  with  mufcular  ftomachs,  in 
which  the  gaflric  juices  do  not  fo  foon  di- 
geft  the  food,  as  in  animals  with  interme- 
diate ftomachs  (CIII). 

CXXIX.  Among  fifties  I will  firft  treat  of 
that  fpecies  which  bears  fo  ftrong  a refem- 
blance  to  iprpents,  and  is  even  confidered  in 
the  chain  of  animated  beings,  as  the  inter- 
mediate link  between  fifties  and  ferpents,  I 
mean  the  eel.  The  ftomach  in  this  animal 
Varies  from  the  ftrudture  generally  obferved 
by  nature  ; it  is  not  a canal  immediately  con- 
tinued with  the  duodenum,  but  a kind  of 
blind  gut,  of  confiderable  length,  ending  in 
a point  ; after  the  food  has  been  received  into 
this  gut,  and  been  digefted,  it  muft  afcend, 
and  return  to  the  upper  part  of  the  ftomach, 
in  order  to  pafs  into  the  duodenum,  which 
forms  an  acute  angle  with  that  upper  part. 
The  natural  figure  of  both  may  be  feen  in 
Blafius's  Anatomy  of  Animals  (a). 

(a)  Plate  LII,  Fig.  i. 
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Into  the  ftomachs  of  four  eels  I introduced 
feveral  tubes,  containing  pieces  of  fidi,  the" 
food  moil  agreeable  to  eels.  In  order  to- 
preferve  them  alive,  I turned  them  in  a finali 
flew,  whence  I could  take  them  at  pleafure. 
They  were  killed  at  the  end  of  three  days  and 
eighteen  hours  ; and  the  tubes  were  found  at 
the  bottom  of  the  flomach,  entirely  covered 
with  a dark-còloUred  mucus,  which,  on  at- 
tentive examination,  appeared  to  be  the  re- 
mains of  the  fhh,  that  by  this  time  was  di- 
gelled.  Upon  wiping  the  tubes,  and  examin- 
ing the  infide,  live  out  of  eight  were  emp- 
ty, and  the  three  others  contained  a bit  of 
fielh  of  the  fixe  of  a vetch,  but  it  bad  loft  its 
cohefion . 

CXXX.  This  experiment  abundantly  proves, 
that  in  this  fiih  digeftion  is  produced  by  the 
gaftric  fluid  ; I therefore  proceeded  to  expe- 
riments upon  fuch  as  are  mere  jtfftly  entitled 
to  the  appellation  of  JiJhes . I chole  for  this 
purpofe  carp,  barbels,  and  pikes,  as  they  were 
the  mold  eafy  to  be  procured.  It  has  been 
long  well  known  that  the  alimentary  canal  in 
many  fcaly  fillies,  is  provided  with  one  or 
more  blind  appendixes,  which,  hecatife  they 
lie  in  the  vicinity  of  the  pylorus,  have  been 
named  pylorici  ; they  are  always  full  of  a 
white,  mucilaginous,  and  faltifh  fluid,  which 
is  difeharged  into  the  cariai,  and  derives  its 
origin  fromanumberof  glands  lying  in  theap- 
pendixes.  In  fomefpecies  they  are  few,  in:  others 
in  conflderable  numbers,  and  in  others  again 
exceedingly  numerous  ; they  amount  in  the 
flurgeon  to  an  hundred  ; in  thofe  fpecies,  rfi 
which  they  are  mofl  numerous,  theleveralfaf- 
ciculi  meet  in  a common  dudt;  hence,  notwi th- 
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Handing  their  numbers,  they  difcharge  their 
contents  into  the  pylorus  (a)  by  a lew  mouths. 
In  the  three  fpecies  I have  juft  mentioned, 
this  lingular  apparatus  is  not  to  be  found  -,  but 
the  infide  of  the  ftomach  and  inteftines  is  fur- 
nifhed  with  yellow  bodies,  that  probably 
contribute  in  fome  way  or  other  to  digeftion, 
though  I have  not  been  able  to  afcertain  their 
precife  ufe.  At  firft  fight  they  look  like  anu- 
lar  worms,  adhering,  as  in  newts,  to  the  in- 
ternal furface  of  the  ftomach  (CIX)  ,•  but  if 
we  lay  hold  of  them  with  the  forceps,  the 
anular  form  vanilhes,  and  we  find  that  they 
are  real  appendiculi  to  the  ftomach  and  in- 
teftines. When  ftretched  out,  they  are  three 
lines  long  ; each  adheres  to  the  villous  coat 
by  a footftalk.  If  we  ftretch  them  till  they 
break,  a confiderable  quantity  of  yellow  li- 
quor ifiues  out,  and  the  body  becomes  fhri- 
velled  ; and  if  it  be  now  removed  from  the 
place  of  its  infertion,  we  find  under  it  a little 
tumour,  through  which  a globule  fhines  ob- 
fcurely  ; and  if  the  tumour  be  cautioufiy 
raifed,  appears  diftindtly  : it  is  of  a yellowifn 
white  colour,  from  the  liquor  which  it  contains. 
Are  thefe  globules  clufters  of  glands,  and  the 
vermiform  bodies  elongated  du<£ts  for  convey- 
ing the  liquor  into  the  cavity  of  the  ftomach  ? 
I would  very  willingly  have  adopted  this  no- 
tion, if  I had  not  found  that  thefe  fubftances, 
when  compreffed  from  the  lower  end  up- 
wards, never  difcharge  their  contents,  either 
from  the  fummit,  or  any  other  part,  contrary 
to  what  happens  when  we  fqueeze  the  folli- 
la) Haller,  El.  Phyf.  T.  6. 
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cular  glands  in  birds  with  mufcular,  inter- 
mediate, or  membranous  ftomachs.  On  this 
account  I fufpend  my  opinion  on  the  fubjedt  ; 
although  I fhould  incline  to  fuppofe  that  they 
are  of  Tome  ufe  in  digeflion. 

CXXXI.  Immediately  under  the  teeth,  the 
very  beginning  of  the  cefophagus  in  the  carp, 
is  moiflened  with  a confiderable  quantity  of  a 
whitifh  turbid  liquor,  of  a vifcid  confi  Hence, 
and  infipid  tafte,  which  when  wiped  off  is 
inflantly  reproduced  : and  we  here  find  a num- 
ber of  white  papillae,  broad  at  their  bafisy 
^nd  terminating  in  a point,  which,  when 
preflfed,  emit  the  fame  kind  of  fluid.  If  we 
make  a gentle  preflure  any  where  near  thefe 
papillae,  a fluid  i flues  out,  but,  as  I fhould 
fuppofe,  of  a different  nature,  Ance  it  is  trans- 
parent, thinner  than  the  former,  and  not  at 
all  vifcid.  With  the  cefophagus,  which  is 
very  fhort,  and  of  confiderable  thicknefs,  is 
continued  the  flomach,  of  a membranous 
flrudture,  and  very  thin.  It  is  eafy  to  dif- 
tinguifh  two  coats  in  this  organ,  the  inter- 
nal and  the  nervous  ; in  the  latter  thole  glo- 
bules, which  left  me  in  doubt  whether  I 
ought  to  confider  them  as  duffers  of  glands, 
are  buried  (CXXX).  In  this  fhort  defcrip- 
tion,  we  fee  fources  capable  of  fupplying  the 
flomach  with  a large  quantity  of  fluid,  not- 
withflanding  it  wants  t hepylorical appendixes.- 

CXXXII.  The  conformation  of  the  flo- 
mach in  the  barbel,  does  not  correfpond  ei- 
ther with  that  of  the  carp,  or  various  other 
fifhes.  The  cefophagus,  flomach,  and  inteff 
tines  conili  tute  a Angle  gut,  nearly  as  in 
earth-worms,  and  a variety  of  in  feds  > this 
gut  is  only  a little' dilated  at  the  flomach,  and 
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contracted  at  the  commencement  of  the  in- 
teftines.  I could  not  difcover  within  this 
canal  any  veftige  of  glands  or  analogous  bo- 
dies. However,  both  the  cefophagus  and  flo- 
mach  are  continually  moiftened  with,  a fluid 
in  great  abundance  ; which  when  we  prefs  or 
dilate  either  of  thefe  cavities,  is  fee n to  tran- 
fude  from  the  internal  fur  face  ; and  linee,  ac- 
cording to  every  appearance,  it  does  not  arife 
from  glands,  we  muff  fuppofe  that  it  comes 
from  the  open  extremities  of  fmall  arteries 
terminating  here. 

CXXXIII.  The  ftomach  of  the  pike  has  the 
fhape  of  a bagorfack,  of  much  greater  length 
than  breadth  ;•  it  is  full  of  longitudinal  rugae-, 
of  a light  flefh  colour,  and  compofed  of  coats 
fo  thin,  as  to  be  femi-tranfparent.  The  rugae 
extend  upwards  into  the  cefophagus,  which 
is  eafily  diftinguifhed  from  the  ftomach  by  its 
white  colour,  and  greater  thicknefs.  There 
is  no  appearance  of  glands  either  in  the  one 
or  the  other,  though  both,  and  efpecially  the 
ftomach,  abound  with  liquor. 

CXXXIV.  As  fifties  are  fubjedt  to  vomit- 
ing, the  tubes  which  I had  introduced  into 
the  ftomachs  of  my  carps,  barbels,  and  pikes, 
were  frequently  returned;  and  I was  often 
chagrined  at  finding  them,  after  a few  hours 
continuance  in  the  body,  at  the  bottom  of 
the  veffel  ufed  for  keeping  them  alive.  How- 
ever, from  frequently  repeating  my  experi- 
ments, though  fo  many  tubes  were  ejected 
prematurely,  a few  remained  feveral  hours 
in  the  ftomach  ; and  thefe  were  fufficient  to 
fatisfy  my  withes.  In  the  prefent  cafe,  the 
lame  thing  happened  which  I had  fo  often 
obferved  in  other  animals  ; the  flefh  was  di- 
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gelled  within  the  tubes,  and  that  in  a much 
Ihorter  fpace  than  in  ferpents  (CXXVI, 
CXXVII  ) . This  obfervation  was  verified  oil 
the  barbels,  carp,  and  pike  $ the  two  latter 
fpecies  exhibited  a phenomenon,  too  clofely 
connected  with  the  prefent  fubjedl  to  be  omit- 
ted. Happening  one  day  to  open  a pike,  I 
found  within  it  a little  fifh,  about  three 
inches  in  length,  lying  longitudinally  along 
the  ftomach,  fo  that  the  whole  head  occu- 
pied the  cefophagus.  I had  here  a clear  view 
of  the  origin  and  progrefs  of  digeftion.  The 
jaws  of  the  finali  fida  retained  their  natural 
colour,  and  appeared  unaltered.  The  eye  wafc 
beginning  to  quit  the  orbit,  and  the  gills  had 
loft  their  purple  hue,  and  were  become  very 
loft.  In  the  ftomach  the  marks  of  digeftion 
were  more  evident.  The  flelh  of  the  body 
was  more  and  more  tender  as  I proceeded 
downwards  j and  towards  the  bottom  it  had 
degenerated  into  a foft  and  fhapelefs  mais. 
The  extremity  of  the  tail,  which  had  lain  at 
the  bottom  of  the  ftomach,  was  entirely  con- 
fumed,  and  with  it  the  vertebras  of  the  fpine, 
and  the  adjacent  bones. 

CXXX.V.  I met  with  another  fimilar  cir-- 
cumftance  in  a little  carp.  It  had  fwallowed 
a finali  lamprey,  which  was  ftretched  out  at 
full  length,  and  occupied  the  whole  ftomach, 
and  at  leali  two  thirds  of  the  cefophagus. 
The  part  that  lay  at  the  bottom  of  the  fto- 
mach was  changed  into  a kind  of  mucilage, 
in  which  there  was  no  appearance  of  any  or- 
ganized part,  except  fome  of  the  dorfal  ver- 
tebra. The  parts  that  lay  higher  Hill  co- 
hered, but  they  came  away  from  the  animal 
on  being  touched.  The  others,  which  oc- 
cupied 
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cupied  the  cefophagus,  Ihewed  likewife  marks 
of  an  incipient  concodtion. 

Nothing  can  be  more  inftru&ive  than  thefe 
two  faóts  combined.  They  ftiew,  in  the  firft 
place,  that  the  bottom  of  the  ftomach  digefts 
more  quickly  than  the  parts  fituated  above, 
as  we  have  feen  in  other  animals  (XC)  : fe- 
condly,  that  the  cefophagus,  as  well  as  the 
ftomach,  is  in  fome  meafure  capable  of  con- 
codlion,  a circumftance  that  has  been  already 
noticed  with  refped:  to  crows  and  herons 
(LXXVII,  XCIX,  C,  Cl)  ; and  which  phy- 
liologifts  have  obferved  before  me  in  other 
fillies.  Laftly,  that  digeftion  in  the  cefopha- 
gus is  flower  at  its  beginning,  and  in  its  pro- 
grefs  ; two  things  that  have  been  remarked 
in  the  birds  juft  mentioned. 

With  refpecft  to  the  triturating  power  of 
I the  ftomach  in  thefe  three  fpecies  of  filhes, 
I not  to  mention  that  digeftion  has  been  ob- 
i tained  in  the  tubes  withput  its  concurrence, 

II  am  of  opinion  that  it  has  no  exiftence  ; this 
I infer,  from  no  eftecft  being  produced  by  it 
upon  the  tubes,  upon  which  I have  never 
perceived  the  fmalleft  bruife,  contufion,  or 
injury,  in  my  experiments  on  filhes,  any  more 
than  on  frogs,  newts,  and  ferpents,  though 
they  were  fo  thin,  that  the  llighteft  force 
would  have  been  more  than  fufficient  to  dis- 
tort or  bruife  them. 

CXXXVI.  From  cold  animals  let  us  pro- 
ceed to  fome  experiments  on  the  ftomachs  of 
warm  animals,  fuch  as  Iheep,  oxen,  and  horfes. 
Reaumur,  in  his  lecond  and  laft  Memoir  (a) 
concerning  digeftion,  after  relating  at  length 

(*)  Hiflr.  de  l’Acad.  Roy.  An.  1752, 


his 


DISSERTATION  III. 


130 

his  obfervations  on  a kite,  flightly  touches 
on  fome  experiments  upon  dogs  and  fheep. 
I will  here  quote  the  refults  of  his  experi- 
ments on  the  latter  fpecies,  referving  thole 
on  the  two  others  for  another  place.  Defi- 
rous  of  feeing  whether  digeftion  in  Iheep  is 
the  effedt  of  the  gaftric  fluid,  he  forced  down 
the  throat  of  one  of  thefe  animals  four  tin 
tubes,  two  of  which  were  full  of  frefh  blades 
of  grafs,  and  the  two  others  of  chopped  hay. 
Fourteen  hours  afterwards  the  (beep  was 
killed  and  opened,  when  the  four  tubes  were 
foupd  in  the  fidi:  ftomach,  with  their  con- 
tents ; and  the  grafs  and  hay  were  not  in  the 
fmalleft  degree  digefted,  and  but  little  ma- 
cerated. 

Sufpeding  that  they  would  undergo  fur- 
ther alteration,  and  be  even  digefted  by  a 
longer  continuance  in  the  fromacn,  Reaumur 
cauied  eight  other  tubes  to  be  prepared  in  the 
lame  manner,  i.  e.  four  to  be  filled  with  frefh 
grafs,  and  the  remaining  four  with  hay. 
The  grafs  before  it  was  put  into  two  of  thefe 
tubes,  and  the  hay  before  it  was  put  into  two 
others,  were  moiftened  with  human  faliva. 
All  the  eight  were  forced  down  the  throat  of 
^a  fheep,  which  was  killed  thirty  hours  after- 
wards; during  this  interval,  the  animal  had 
been  kept  ilridtly  faffing  ; this  precaution 
had  aifo  been  obferved  with  refpedt  to  the 
former  fheep,  that  had  not  retained  the  tubes 
fo  long.  In  the  courle  of  the  thirty  hours, 
the  greater  part  of  the  tubes  were  voided  at 
the  anus,  but  a few  remained  in  the  flrft 
ftomach. 

But  neither  had  the  grafs  or  hay  under- 
gone the  fin  al  lei t degree  of  digeftion  ; they 
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preferred  their  original  form  and  dimensions; 
and  when  they  were  pulled  at  the  two  oppo- 
ste extremities,  relifted  efforts  to  break  them 
with  the  fame  force  that  fimilar  pieces  of 
grafs  or  hay,  that  had  been  a little  macerated, 
would  have  done.  Hence  it  is  inferred  by 
this  illuftrious  naturalift,  that  digeftion  can- 
not be  effedted  in  the  Stomachs  of  fheep  by  a 
Solvent,  unlefs  that  folvent  be  aided  by  tri- 
turation : he  was  however  ingenuous  enough 
to  confefs,  that  thefe  two  experiments  are  of 
themfelves  very  far  from  throwing  fuch  light 
upon  the  prefent  fubjedt  as  he  could  have 
wifhed. 

CXXXVII.  The  firft  thing  I undertook 
with  refpedt  to  fheep,  was  to  repeat  exadtly 
Reaumur’s  experiments.  Thinking  the  tubes 
I had  hitherto  employed  too  Small,  I had  fome 
made  eight  lines  in  length,  and  four  in  dia- 
meter. But  I could  not  at  firft  introduce 
them  into  the  Stomach.  After  I had  put 
them  into  the  throat  with  my  hand,  though 
I puShed  them  as  far  as  my  fingers  would 
reach,  they  were  always  returned.  With 
Reaumur's  method  I was  unacquainted,  for 
he  does  not  give  the  leaft  information  about 
if.  At  laft  an  expedient  occurred  ; it  conlift- 
ed  in  putting  the  tubes,  provided  with  their 
contents,  into  a hollow  cane,  and  introduc- 
ing this  cane  into  the  oefophagus  ; I could 
now  puSh  them  forwards  wi'th  a rod,  till 
they  dropped  out  at  the  lower  end  of  the  cane 
into  the  cefophagus;  and  as  the  part  of  the 
cefophagus  into  which  the  tubes  were  now 
introduced,  jay  at  a great  diftance  from  the 
mouth,  the  animal,  in  fpite  of  all  the  efforts 
he  made  to  return  them,  was  obliged  to  re- 
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ceive  them  into  the  ftomach  : to  the  fame  con- 
trivance I had  recourfe  likewife  in  oxen  and 
horfes.  Six  tubes  were  given  to  a fheep;  in 
twenty-feven  hours  it  was  killed  and  opened  ; 
it  had  eaten  nothing  during  all  the  time  it 
retained  the  tubes  ; and  this  precaution  was 
ftri&ly  obferved  upon  every  fheep  upon  which 
experiments  were  made.  Notwithftanding 
fo  long  a fad:,  the  firft  ftomach  contained  a 
large  quantity  of  grafs,  fomewhat  triturated; 
and  though  it  had  fed  upon  this  before  the 
experiment,  it  was  not  yet  digefted.  In  the 
midd  of  this  grafs,  that  was  thoroughly  im- 
bibed with  a greenifh  fluid,  with  which 
great  part  of  the  ftomach  was  filled,  lay  five 
of  the  tubes  ; the  fixth  had  pafled  to  the  fe- 
cond  ftomach,  which  may  be  confidered  as 
an  appendix  to  the  fird.  The  herbs  which  I 
enclofed  in  the  tubes,  after  they  had  been 
impregnated  with  my  faliva,  were  beet,  tre- 
foil and  lettuce  ; in  three  tubes  they  were 
green,  and  in  the  red  dry.  Upon  opening 
all  the  fix,  I could  not  perceive  that  either 
the  frdh  or  the  dried  plants  had  differed  any 
diminution,  or  undergone  any  degree  of  real 
concodtion  ; it  was  only  become  a little  ten- 
derer, and  the  frefh  herbs  had  loft  their  green 
colour  ; in  ftiort,  the  reful t of  this  experiment 
was  exadfly  like  that  of  Reaumur’s. 

CXXXVIII.  I fhould  then  have  fuppofed, 
that  in  thefe  animals  digedion  depends  on  the 
triturating  power  of  the  ftomach,  if  it  had 
not  ftruck  me,  that,  as  the  herbs  enclofed  in 
the  tubes  had  not  pafled  further  than  the  fird 
ftomach,  they  might  not  perhaps  have  felt 
thè  influence  of  that  kind  of  gaftric  fluid, 
which  is  requifite  for  the  concodtion  of  the 
c food; 
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food  : for  it  is  very  poflible  that  this  fluid 
may  refide  in  fome  of  the  other  ftomachs,  and 
efpecially  in  the  fourth,  in  which  the  ali- 
ments of  animals  with  four  ftomachs,  fuch 
as  fheep,  are  always  found  in  the  ftate  of  a very 
foft  palle.  Reaumur  indeed  did  not  perceive 
any  fign  of  digeftion  even  in  the  tubes  that 
had  been  voided  at  the  anus,  and  confequent- 
ly  muft  have  pafied  through  the  other  fto- 
machs. But  this  obfervation  refted  upon  a 
Angle  experiment  -,  and  to  illuftrate  ftill  fur- 
ther a matter  of  luch  importance,  it  could 
not  but  be  proper  to  repeat  it.  I therefore 
treated  another  lheep  in  the  fame  manner,  and 
allowed  it  to  live  thirty-feven  hours  after- 
wards, that  the  tubes  might  have  time  to 
pafs  beyond  the  firft  ftomachs.  They  did  in 
fad:  pafs  beyond  them  ; and  I found  all  fix 
in  the  fourth,  which  anfwered  the  end  I had 
in  view  ; the  three  fpecies  of  plants  however, 
mentioned  above  (CXXXVII),  both  the 
green  and  the  dry,  were  entire,  and  feemed 
only  a little  loftened  by  maceration. 

_ CXXXIX.  I was  now  about  to  declare  in 
favour  of  the  neceftity  of  trituration  in  this 
animal,  when  a doubt  occurred.  Neither 
Reaumur  nor  myfelf  had  adverted  to  a cir- 
cumftance,  which  ever  precedes  digeftion, 
both  in  fheep,  and  every  other  quadruped  en- 
dowed with  four  ftomachs,  as  goats,  oxen, 
deer,  &c.  I mean  rumination.  We  are  taught, 
both  by  difledion  and  daily  experience,  that 
the  food,  when  it  has  arrived  at  the  fecond 
ftomach,  does  not  immediately  proceed  to  the 
third,  and  thence  to  the  fourth,  but,  on  the 
contrary,  returns,  and  re-afcends  up  the  ccfo- 
phagus  ; and  when  it  has  reached  the  cavity 
Vol.I.  K of 
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of  the  mouth,  is  mafticated  and  ground  over 
again,  and  impregnated  with  a large  quantity 
of  fall  va.;  this  procefs  is  repeated,  till  it  be- 
comes fit  to  Be  digefted.  I therefore  enter- 
tained many  doubts  whether  the  phenomena 
obferved  by  Reaumur  and  rnyfelf,  were  not 
father  owing  to  the  want  of  rumination  than 
of  trituration.  Wherefore,  in  order  to  de- 
cide with  certainty  concerning  digefcion  in 
flieep,  I perceived  it  would  be  neceffary  to 
repeat  the  experiments  upon  plants  previoufly 
triturated.  And  I did  not  conceive  that  this 
trituration  was  fo  peculiar  in  ruminating 
animals,  that  it  could  not  be.  fupplied  by 
man,  provided  he  mafticated  the  herbs  well, 
and  impregnated  them  thoroughly  with  fa- 
il iva.  I therefore  performed  . this  eafy  opera- 
tion ; the  ufual  tubes  were  employed;  in  three 
of  them  pieces  of  the  green  plants  were  en- 
clofed,  and  in  three  others  of  the  dried;  but 
hoth  had  been  well  mafticated  ; the  lines  and 
nerves  that  traverfe  the  leaves,  were  however 
eafily  diftinguifhable.  Left,  when  thus  broken 
down  and  divided,  they  ihouldpafs  out  at  the 
lateral  pores,  or  through  the  mefhes  of  the 
lattice-work,  I thought  it  would  be  proper 
to  enclofc  each  tube  in  a linen  bag  ; fuppofing 
that  in  the  prefen  t cafe  that  it  would  not  be 
broken,  as  that  mufcular  adion,  which  is  fo 
confiderable.  in  gallinaceous  fowls,  does  not 
exill  in  the  animals  in  queftion.  I gave  the 
fix  tubes  to  a ram,  together  with  fix  others, 
filed  with  the  fame  plants,  but  not  pre- 
vioully  mafticated,  that  I might  be  able  to 
form  a comparifon.  Fourteen  hours  after 
the  animal  had  taken  them,  he  vomited  three 
at  once;  and  in  thirty-three  hours  five  more 
6 were 
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were  voided  at  the  anus  ; at  the  end  of  two 
days  he  was  killed.  Of  the  four  remaining 
tubes,  two  were  found  in  the  ftomach,  and 
the  other  two  at  the  end  of  the  duodenum  ; 
the  bag  in  which  they  were  enclofed  was  en- 
tire. The  tubes  that  had  been  vomited 
had  received  more  or  lefs  injury  ; the  con- 
tents of  two  had  not  been  mafticated,  nor 
had  they  undergone  the  fmalleft  alteration. 
The  contents  of  the  third-  had  been  mafti- 
cated, and  were  evidently  wafted  ; for  they 
now  occupied  little  more  than  half  the  tube, 
whereas  at  firft  they  had  entirely  filled  it  ; 
they  had  acquired-  a fubacid  tafte.  Many  of 
the  pieces  having  loft  their  natural  firmnefs, 
broke  when  I attempted  to  ftretch  them  ; 
the  nerves  only  when  they  were  pulled  made 
fome  refiftance. 

In  two  of  the  tubes  voided  at  the  anus,  the 
pieces  of  plant  had  not  been  mafticated  ; 
thefe  did  not  feem  at  all  diminifhed,  or  was 
the  cohelion  of  the  parts  deftroyed  ; on  the 
contrary,  the  plants  in  the  other  three  (which 
had  been  mafticated)  were  reduced  almoft  to 
nothing;  the  1 mall  remains  confifted  of  bare 
nerves,  with  a little  of  the  leaf  attached  ; 
and  both  the  one  and  the  other  were  fb  much 
foftened,  that  the  flighted:  force  broke  them. 
The  bag  in  which  they  were  enclofed  was 
dyed  green,  particularly  in  its  infide;  when 
twifted  and  prefted  between  the  fingers,  it 
yielded  a livid  yellow  juice,  of  an  acid  tafte. 
This  was  firn  from  being  the  cafe  in  the  bags 
which  contained  the  two  tubes,  of  which  the. 
contents  had  not  been  chewed  ; their  infide 
had  fcarce  a fhade  of  green  ; and  this  Iliade 
was  ftill  lefs  perceptible  in  the  j uice  expreffed 
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from  them.  With  refpeót  to  the  tubes  found 
in  the  laft  ftomach,  and  at  the  end  of  the 
duodenum,  the  contents  of  the  former  had 
acquired  a deep  green  colour,  were  a little 
macerated,  but  had  not  loft  much  of  their 
natural  firmnefs,  and  did  not  appear  to  be 
diminifhed  in  bulk.  They  had  not  been 
mafticated,  but  thofe  of  the  two  others  had  ; 
and  of  them  there  remained  only  fome  of  the 
largeft  nerves,  which  were  themfelves  very 
tender,  and  half  decompofed.  I have  already 
obfervedy  that  the  tubes  voided  at  the  mouth 
were  more  or  lefs  bruifed;  but  all  the  reft 
were  quite  free  from  injury. 

CXL.  The  reader  is  already  aware  of  the 
immediate  confequences  of  thefe  experi- 
ments. In  the  firft  place  it  appears,  that  the 
gaftric  fluid  of  flieep  has  no  effedb  in  digeft- 
ing  plants,  unlefs  they  have  been  previoufly 
mafticated  ; otherwife  it  can  only  produce  a 
flight  maceration,  nearly  as  common  water 
would  do  in  a degree  of  heat  fomewhat  ex- 
ceeding the  middle  temperature  of  the  at- 
mofphere.  Secondly,  this  fluid  is  abun- 
dantly capable  of  digefting  plants,  provided 
they  are  previoufly  reduced  to  pieces  by  maf- 
ticition;  its  firft  effedt  is  to  foften  them,  and 
deft  :oy  their  natural  confiftency;  it  then  pro- 
ceeds to  diffolve  them,  not  even  {paring  the 
tougheft  parts,  fuch  as  the  nerves  of  the 
leaves;  of  this  folution  we  have  a clear  proof 
in  the  green  colour  that  appears  on  the  linen 
enclofing  the  tubes,  and  in  the  juice  ex- 
preffed  from  it  [a) . Thirdly,  the  triturating 

power 

[a)  In  my  agreeable  refidence  at  Geneva  in  the  fum- 
mer  of  1770,  I had  what  I had  long  wifhed  for,  the  fatis- 
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power  of  the  ftomach  does  not  at  all  contri- 
bute to  digeftion  in  fheep,  but  this  procefs  is 
entirely  eftedted  by  the  gaftric  juices.  Fourth- 
ly, no  fuch  power  exifts  in  flieep,  as  we  fee 
from  the  tubes  that  were  voided  at  the  anus 
and  found  in  the  ftomach  having  fuftained 
no  injury,  notwithftanding  'predure  alone  be- 

' tween 


fadion  of  being  perfonallv  acquainted  with  my  illuftrious 
friend  Mr.  Bonnet,  and  of  enjoying  much  of  his 
converfation.  I,  had  alio  an  opportunity  of  taking  his 
opinion  on  fome  productions,  which  I defigned  to 
publifh,  and  particularly  the  prefent  work  concerning  di- 
geftion. Three  other  reputable  philofophèrs  and  excel- 
lent judges  of  the  fubjed  were  prefent  at  the  reading, 
Mr.  Abraham  Trembley,  Mr.  Johannes  his  worthy 
nephew,  and  Mr.  Senebier,  Librarian  of  the  Republic  of 
Geneva;  and  it  did  not  appear  to  me,  that  my  labours 
were  difapproved  by  this  refpedable  afiembly.  Mr.  Bon- 
net gave  me  a book  to  perufe  on  the  fame  fubjed,  which, 
as  it  was  new  to  me,  gave  me  fears,  left  the  author  fhould 
have  anticipated  me;  it  was  intituled,  “ Eflai  fur  la  Di- 
geftion,  & fur  les  principals  Caufes  de  la  Vigueur  & de 
la  Durée  de  la  Vie.  Par  Mr.  Batigne,  M.  D.  Berlin, 
1768,  i2mo.”  But  I was  foon  aware,  that  Mr.  Batigne 
and  myfelf  had  purfued  very  different  paths  ; in  his  book 
he  does  not  enter  into  any  experimental  enquiry  concern- 
ing digeftion,  but  confines  himfelf  to  reflections,  which, 
although  they  are  very  pertinent  and  fenfible,  are  calcu- 
lated rather  to  excite  than  fatisfy  the  reader’s  curiofity. 
Hence  I fhould  not  have  mentioned  it,  but  for  fome  ob- 
jedions  ftarted  againft  Reaumur’s  Memoirs  on  Digeftion. 
Thcfe  I (hall  touch  upon  in  a few  fhort  notes,  at  fuch 
places  of  the  text  as  they  feem  moft  conneded  with.  And 
here  it  is  proper  to  mention  one  objedion  relative  to  the 
digeftion  of  ruminating  animals,  which,  before  I was  ac- 
quainted with  Mr.  Batigne’s  book,  I had  myfelf  urged 
againft  Reaumur,  and  which  experiment  proves  to  be^ per- 
fectly juft.  It  confifts  in  fhewing,  that  the  French  natq- 
ralift  had  omitted  the  maftication  of  die  plants  enclofèd 
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tween  the  fingers  is  fufficient  to  flatten  them. 
The  contufion  of  the  tubes  that  were  vo- 
mited is  no  proof  of  the  contrary,  linee  it  is 
evident,  that  this  contufion  was  produced  by 
the  teeth  of  the  animal  during  rumination. 
Laftly,  thefe  vegetables  acquire  a flight  acidi- 
ty during  folution,  but  of  this  we  fhall  have 
another  opportunity  of  fpeaking  hereafter  ( a ), 
CXLI.  This  quadruped  feeds  not  only  upon 
grafs,  but  upon  corn  alfo  whenever  it  meets 
with  it  ; it  is  likewife  very  fond  of  bread. 
In  order  therefore  to  confirm  hill  farther 
what  has  been  advanced,  I thought  it  would 
be  very  proper  to  make  an  experiment  upon 
fome  kind  of  grain.  I feledted  wheat  for  this 
purpole;  and  as  it  may  be  procured  under  the 
various  forms  of  feed,  flour,  and  bread,  I 
chofe  to  make  trial  of  all  three.  Six  tubes 
were  filled,  three  with  thefe  fublfances  with- 
out any  other  preparation,  and  three  others 
with  thè  fame  after  they  had  been  well  maf- 
ticated.  The  tubes  were  enclofed  in  linen 
bags  as  before,  and  given  to  a lamb  fix  months 
old.  It  was  killed  thirty  hours  afterwards; 
none  of  the  tubes  were  either  vomited  or 

in  the  tubes  before  he  introduced  them  into  the  ftomachs 
of  fheep,  which  was  the  reafon  why  they  were  not  digeft- 
ed.  Nearly  the  fame  objection  is  urged  by  the  learned 
phyfician  in  thefe  terms  ; “ The  experiments  (of  Mr.  de 
Reaumur)  upon  ruminating  animals  are  {fill  lefs  conclu- 
five  ; the  grafs  contained  in  the  tubes  could  be  only  ma- 
cerated, fmce  it  was  neither  chewed  nor  broken  down  a 
fecond  time  by  rumination.”  (L.  c.  Troifieme  Reflexion 
fur  les  Experiences  de  Mr.  de  Reaumur).  It  was  a piece 
of  iuftice  due  to  Mr.  Batigne  not  to  overlook  this  paf- 
fage.  ' • ( 

(a)  In  the  laft  diflertation. 
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voided  at  the  anus  ; they  were  found  partly 
in  the  third  and  partly  in  the  fourth  ftomaehs. 
The  refult  of  this  experiment  coincided  with 
that  related  above  (CXL)  . The  grain,  flour, 
and  bread,  that  had  not  been  ma'fticated,  were, 
indeed  penetrated  thoroughly  by  the  gaftric 
fluid,  but  not  at  all  diiTolved.  On  the  con- 
trary, the  corn  which  I had  firft  bruifed  with 
a peftle  and  then  ground  between  my  teeth 
and  reduced  to  a coarfe  palle,  was  in  great 
meafure  confumed;  nothing  remained  in  the 
tubes  but  fragments  of  the  bran,  with 
fome  finali  remains  of  farinaceous  matterad- 
hering. , The  like  had  happened  to  the  flour 
and  bread,  what  remained  confifted  of  a mu- 
cilaginous mafs,  without  any  appearance  of 
what  it  had  originally  been.  This  matter 
had  a flight  degree  of  acidity,  a quality  which 
was  far  more  evident  in  the  bread,  flour,  and 
grain  that  were  not  diflolved  by  the  gaftric 
fluid  for  want  of  previous  maceration.  ' 

CXL II.  The  vaft  quantity  of  gaftric  fluid 
with  which  ruminating  animals  are  continu- 
ally fupplied,  was  already  known  to  phyfto- 
lo.gifts,  and  particularly  to  the  great  Haller. 
After  a faft  of  two  whole  days,  I have  found 
thirty-feven  ounces  in  the  two  firft  fcomachs 
of  a fheep.  It  was  green,  but  I know  not 
whether  this  colour  is  natural  to  the  fluid,  as 
the  yellow  hue  to  that  of  crows  (LXXXT)  ; 
oy  rather  whether  it  is  adventitious,  and  de- 
rives its  origin  from  the  plants  on  which 
thefe  animals  feed,  of  which,  notwjthftand- 
ing  fo  long  a fafl,  there  were  flail  fome  re- 
mains in  the  two  ftomaehs.  The  great  quan- 
tity of  juice  I.  had  collected  induced  me  to 
try  whether,  like  that  of  leverai  other  ani- 
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mais,  it  was  capable  of  digefting  food  out  of 
the  body.  I therefore  enclofed  leverai  pieces 
of  the  leaves  of  lettuce  in  two  fhort  glafs 
tubes  (which  I had  previoufly  filled  with  the 
juice),  and  fealed  them  with  wax  at  each 
end.  The  contents  of  one  tube,  as  before, 
were  mafticated,  while  thofe  of  the  othen 
were  left  untouched.  It  was  proper  on  the 
prefent  occalion  to  employ  a term  of  com- 
purifon,  by  repeating  the  fame  experiment, 
upon  two  other  tubes  filled  with  water.  That 
thefe  four  tubes  might  be  expofed  to  a degree 
of  heat  nearly  equal  to  the  temperature  of 
fiheep,  I fixed  them  under  my  axillae,  two 
under  each  axilla?,  where  they  continued 
forty-five  hours.  The  leaves  immerfed  in 
the  gaftric  fluid,  which  had  been  previoully 
macerated,  had  undergone  no  inconfiderable 
change.  Befides  the  lofs  of  their  bright 
green  colour,  they  were  converted  intoakind 
of  glue,  in  which  it  was  juft  poftible  to  find, 
with  the  point  of  a penknife,  a few  nerves, 
which  were  the  only  remains  of  the  organi- 
zation of  the  plant.  This  was  far  from  be- 
ing the  cafe  with  the  leaves  that  had  not  been 
mafticated;  for  all  the  pieces  were  diftin- 
guiftiable,  and  the  only  difference  was,  that 
they  did  not  afford  fo  much  refiftance  as  at 
firft.  The  leaves  immerfed  in  water,  both 
thofe  which  had  been  chewed,  and  thofe 
which  had  not,  had  not  loft  either  their  co- 
lour or  confiftence.  From  this  comparifon 
it  appears,  that  the  gaftric  fluid  does  not  aft 
on  the  plant  as  a mere  aqueous  fluid,  but  as 
3 real  folvent,  nearly  as  it  afts  in  the  ftomach 
itfelf.  Nor  was  the  heat  to  which  it  was 
expofed  under  my  axilla?  a condition  without 
• . - its 
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its  part  in  the  production  of  this  incipient 
digeftion  ; for  in  pieces  of  the  fame  leaves  of 
lettuce  mafticated  in  the  fame  manner,  but 
kept  in  my  apartment,  of  which  the  tem- 
perature was  about  fixteen  * deg.  there  ap- 
peared only  a fuperficial  maceration,  notwitn- 
ftanding  they  remained  immerfed  in  the  fame 
galtric  fluid  for  the  fame  fpaceof  time. 

CXLIII.  I clofed  my  enquiries  concerning 
the  digeftion  of  ruminating  animals  by  fome 
experiments  on  oxen.  In  thefe  the  fame  tubes 
and  plants  were  employed  as  before,  and  the 
refults  perfectly  coincided  with  thofe  obtain- 
ed from  fheep  ; only  in  the  prefent  inftance. 
Nature  was  more  fpeedy  in  her  operation. 
Before  twenty-four  hours  had  elapfed,  the 
"'tubes, which  had  been  given  to  two  oxen,  were 
voided  along  with  the  excrements  ; they  were 
not  in  the  leaft  contufed  or  injured.  When 
taken  out  of  the  linen  bags  and  examined,  they 
were  found  to  contain  little  more  than  the  bare 
ribs  and  nerves  of  the  leaves  of  beet,  lettuce, 
and  trefoil  (which  leaves  had  been  previoufly 
mafticated).  The  nerves  were  alfo  in  fome 
degree  macerated,  and  the  flighted;  violence 
was  fufficient  to  break  them.  On  the  con- 
trary, pieces  of  the  fame  plants  that  had  not 
been  fubjeCted  to  maceration  were  indeed 
flightly  concoCted,  and  their  colour  was  a 
little  faded,  but  they  were  entire.  When 
applied  to  the  tongue,  they  tailed  fubacid, 
like  thofe  which  had  been  in  the  ftomachs  of 
fheep  (CXXXIX,  CXLI). 

The  horfe  does,  not  chew  the  cud,  but  he 
refembles  the  ox  in  the  membranous  ftruc- 


turq 


* Sixty-fix,  Fahren, 


142  M S'SERTATION  HI. 

ture  of  his  ftomach,  and  the  food  upon  which 
he  lives.  I was  therefore,  défirous  of  feeing 
what  changes  mafticated  plants  would  under- 
go by  continuing  a given  time  in'  the  fto- 
mach  of  this  quadrupéd  alfo,  enclofed  as 
ufual  in  tubes.  Here  too  they  vere  di- 
gefted,  as  I learned  from  fome  lettuce  and 
trefoil  enclofed  in  two  tubes,  which  were 
voided  in  fifty-two  hours. 

CXLIV.  When  I refiedt  upon  the  various 
animals  to  which  my  enquiries  concerning 
digestion  have  been  hitherto  extended,  I per- 
ceive, that  the  ruminating  fpecies  very  nearly 
refemble  birds  endowed  with  mufcular  fto- 
machs,  with  refpedt  to  the  adtion  of  the  gaf- 
tric  fluid.  In  both,  that  fluid  requires  an 
agent  capable  of  breaking  down  and  tritu- 
rating the  food,  before  it  can  diflolve  and 
digeft  it.  From  the  mouth  of  granivorous 
birds,  where  it  undergoes  no  real  alteration, 
the  aliment  pafies  immediately  into  the  craw, 
•where  it  is  foftened  and  macerated  ; from  this" 
receptacle  it  defcends  into  the  ftomach:  the 
triturating  power  of  this  organ  performs  the 
office  of  teeth,  and  breaks,  grinds,  and, 
if  I may  fo  fpeak,  pulverizes  it,  and  thus 
renders  it  fit  to  be  diflolved  by  the  gaftric 
fluid,  and  converted  into  chyme.  Nature 
employs  a fimilar  contrivance  in  ruminating 
animals.  The  hay  and  grafs  defcend  im- 
mediately into  the  firft  and  fecond  ftomachs, 
in  nearly  the  fame  fiate  as  when  they  were 
browfed.  Here  they  are  foftened  by  the  exu- 
berance of  gaftric  juices,  as  feeds  in  the 
craw  of  birds  with  gizzards.  But  as  the 
ftomachs  of  ruminating  quadrupeds  have  no 
fenfible  triturating  power  (CXXXIX,  CXL, 

CXLIII), 
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CXLIII),  and  the  aliment  requires  tritura- 
tion, nature  has  wifely  provided  for  this  by 
caufing  it  to  afcend,  in  confequence  of  a 
gentle  ftimulus  to  vomit,  into  the  cavity  of 
the  mouth,  where,  by  means  of  rumination, 
it  receives  the  neceflary  predifpofition  to  be 
digefted  by  the  gaftric  fluid,  as  happens  to 
the  food  in  the  ftomachs  of  granivorous 
fowls,  after  they  have  been  properly  triturat- 
ed by  the  gaftric  mufcles. 
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DISSERTATION  IV. 


THE  SUBJECT  OF  DIGESTION  IN  ANIMALS 
WITH  MEMBRANOUS  STOMACHS  CON- 
TINUED. THE  LITTLE  OWL.  THE 
SCREECH  OWL.  THE  FALCON.  THE 
EAGLE. 


CXLV.  |])EAUMUR  having  treated  in 
j[  \ his  firft  memoir  of  the  mode 
of  digeftion  in  granivorous  and  herbivorous 
fowls  which  are  provided  with  gizzards,  in 
his  fecond  proceeds  to  enquire  into  the  na- 
ture of  that  function  in  carnivorous  birds,  of 
which  the  ftomach  is  membranous.  From 
the  fadts  related  in  the  firft  memoir  he  con- 
cludes, that  there  does  not  exift  in  the  giz- 
zard any  folvent  capable  of  feparating  the 
particles  of  the  food.  This  feparation,  he 
thinks,  is  effected  by  a force  refembling  that 
exerted  by  mill -ftones,  viz.  theadtion  of  fto- 
machs  of  this  conftrudtion  upon  their  con- 
tents. He  is  moreover  of  opinion,  that 
the  fadts  adduced  in  the  fecond  memoir  prove 
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the  exigence  of  a menftruum  in  membran- 
ous ftomachs,  capable  of  diffolving  and  di- 
gefting  the  aliment  without  borrowing  any 
aid  from  the  adtion  of  the  folid  parts. 

As  the  great  objedt  of  the  firft  dilfertation 
was  to  enquire  experimentally  into  the  mode 
of  digestion  in  fowls  with  mufcular  fto- 
machs,  I had  there  an  opportunity  of  confi- 
dering  fully  Reaumur’s  experiments  on  that 
fubjedt  ; and  we  have  accordingly  feen,  that 
the  confequences  he  has  deduced  from  them 
are  by  no  means  to  be  admitted  in  their  full 
extent.  This  is  plain  from  the  XXXIX, 
XL,  XLI,  XLII,  XLIII,  XLVth  para- 
graphs, to  which,  for  the  fake  of  avoiding 
ulelefs  repetitions,  I refer  the  reader.  The 
prefent  differtation,  in  which  the  fubjedt  of 
digeftion  in  membranous  ftomachs  is  con- 
tinued, is  the  proper  place  for  confidering 
the  experiments  related  in  the  fecond  memoir. 
As  of  all  fowls  birds  of  prey  approach  neared: 
to  man  in  the  ftrudture  of  the  ftomach,  he 
chofe  one  of  thofe  large  kites  that  are  com- 
mon in  France,  for  the  fubjedt  of  his  enqui- 
ries. The  periodical  vomiting,  common  to 
all  birds  of  prey,  allowed  the  French  11a- 
turalift  to  make  a variety  of  experiments  on 
the  fame  individual.  He  employed  tin  tubes 
filled  with  different  fubftances,  efpecially 
flefh,  which,  after  having  been  fome  time 
in  the  ftomach,  were  thrown  up,  and  gave 
him  an  opportunity  to  examine  the  effedts  . 
produced  upon  the  contents.  That  the  flefh 
was  more  or  lefs  digefted  according  to  the 
length  of  its  continuance  in  the  body  of 
the  animal,  was  the  general  and  invariable 
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refult  obferyed  by  Reaumur  (a).  Hence  he 
juftly  infers,  that  in  this  cgfe  digeftion  is 
produced  by  the  gaftric  fluid,  - without  the 
concurrence  of  any  friturating  power.  He 
mentions  fome  other  experiments,  which  I fhall 
have  occafion  to  coniider  below,  and  concludes 
from  analogy,  that  digeftion  in  other  birds 
with  membranous  ftomachs  is  produced  in 
the  fame  manner.  He  laments  however,  that 
from  the  death  of  his  kite,  and  his  neglect- 
ing to  fubftitute  other  animals  in  its  ftead, 
he  could  not  adduce  faCts  fufticiently  nume- 
rous to  illuftrate  the  fubjeCt  fully.  He  pro- 
mifes  to  fupply  the  deficiency  on  fonie  future 
occafion,  but  his  death,  by  which  a few  years 
afterwards  natural  philofophy  loft  its  great 

( a ) Mr.  Bat  igne  thinks,  that  flefti  enclofed  in  tubes 
was  infufficient  to  convey  a precife  idea  of  the  alteration 
it  undergoes  in  the  ftomach,  as  it  is  only  macerated  in 
tubes,  and  not  digefted.  u On  voit  de  plus  que  la  viande 
rnife  dans  les  tubes'  he  pèut  donner  une  idée  precife  des 
changements  qu’elle  fubit  dans  l’eftomac  de  l’animal,  puis 
qu’elle  n’y  eft  que  macerée  & non  point  digerée.”  ( L . 
c.  premiere  Refediion  fur.  Ics  experiences  de  M.  de  Reaumur.  ) 
The  author  muft  allow  me  to  obferve,  that  in  this  attack 
he  mifreprefehts  Reaumur,  who,  p.  465,  Sic.  of  the 
Mem.  of  the  Roy.  Acad,  exprefsly  fays,  that  the  flefh 
given  to  the  kite  was  not  merely  macerated  or  foftened, 
but' completely,  digefted,  and  at  laft  entirely  confumed. 
He  might  indeed  have  objected  to  the  fmall  number  of  his 
experiments,  as  infufficient  to  afeertain  the  efficient  caufe 
of  digeftion,  if.that  .philofopher,  whofe  ingemioufnefs  was 
equal  to  his  /kill,  had  not  perceived  and  publicly  owned  it 
himfelf.  That  tubes,  provided  the  experiments  are  pro- 
perly made  and  varied,  are  well  adapted  to  drew  the 
change  produced  upon  food  in  the  ftomach,  will  be  abun- 
dantly proved  by  the  faóìs  adduced  in  this  treatife. 
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ornament,  prevented  him  from  fulfilling  his 
promife. 

CXLVI.  I do  not  prefume  that  I fhall  be 
able  to  accqmplifli,  what  neither  this  illuftri- 
ous  naturalift,  nor  any  other,  as  far  as  I know, 
has  effected.  But  limply  with  the  view  of 
continuing  my  obfervations  and  .reflections  on 
digeftion  in  fowls  with  membranous  fio- 
machs,  I fhall  relate  fonie  experiments  on 
various  birds  of  prey,  of  which  forne  feek  it 
by  night,  and  others  by  day.  Among  the 
former,  I have  ufed  fucli  as  I could  molt  ea- 
fily  procure,  the  little  owl  and  the  fcreech- 
owl.  Thefood  wv  ichlgave  the  firfi-mention- 
ed  fpecies  (a),  and  which  it  eagerly  devoured, 
has  enabled  me  to  folve,  among  other  pro- 
blems, one  that  exercifed  the  fagacity  of  M. 
de  Reaumur.  Finding  that  the  gaflric  fluid 
of  the  kite  digefted  fielh,  he  wifhed  to  know 
whether  it  would  alfo  digeft  vegetables;  a 
circumftance  he  did  not  think  probable,  when 
he  confidered  the  repugnance  carnivorous 
birds- drew  for  them  ; and  fo  in  fadt  it  hap- 
pened. When  beans,  peafe,  wheat,  inclofed 
in  tubes,  had  lain  fome  time  in  the  ftomach, 
they  were  thrown  up  juft  in  the  fame  fiate  as 
they  had  been  fwallowed  : nor  did  boiling 
difpofe  them  to  be  diffolved  any  better  by 
the  gaftric  fluid.  Some  fparrows,  which  I 
gave  my  owls,  afforded  me  an  opportunity  of 
obferving  the  fame 'phenomenon.  As  they 
fwallowed  them  wdiole,  they  of  courfe  would 
receive  into,  the  fiomach  feathers  and  food 

(a)  This  fpecies  is  called  by  BufFon  petite  cbouettc , 
Hìft.  Nat.  des  Oifeaùx,  T.  2.  fid.  in-  8vo.  and  by  Lin- 
r.scus  Jlrix  pajferina , 1.  c. 
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not  yet  digefted  by  the  fparrows,  and  confin- 
ing of  grain  or  bread.  Now,  after  the  flefli 
has  been  digefted,  the  feathers  are  vomited 
generally  in  the  form  of  a hard  ball  ; and 
along  with  the  feathers  the  grain,  which, 
though  it  is  much  foftened  by  maceration, 
yet  continues  whole.  And  if  the  matted  fea- 
thers be  difentangled,  we  may  generali}'  per- 
ceive evident  traces  of  bread.  Hence  we 
have  a clear  proof  that  the  gaftric  fluid  pro- 
duces no  change  on  fuch  vegetables. 

CXLVII.  This  fadt,  Ample  as  it  is,  fhews 
two  things,  of  fome  importance  to  be  no- 
ticed : firft,  that  the  ftomach  of  this  bird  is 
really  membranous,  and  without  any  power  of 
trituration  : this  appears  from  the  grains 
(CXLVI)  continuing  whole,  though  they 
had  been  foaked  till  they  were  become  fo  ten- 
der, as  to  burli  on  being  gently  fqueezed  be- 
tween the  fingers.  I would  not  however 
alledge  that  the  ftomach  has  no  adtion  at  all; 
for  the  globular  mats  of  feathers  can  only  be 
produced  by  this  vifcus  contracting  as  the 
flefh  is  digefted. 

The  digeftion  of  the  bones  alfo  deferves 
attention.  It  cannot  be  faid  that  they  are 
voided  along  with  the  excrements;  for  I 
muft  foon  have  been  aware  of  this,  as  I kept 
my  owls  in  cages  ; nor,  for  the  fame  reafon, 
could  it  have  efcaped  my  notice  if  they  had 
been  vomited.  I have  indeed  fometimes 
found  two  or  three  little  bones,  as  a dorfal  ver- 
tebra, or  a piece  of  the  cranium,  among  the 
matted  feathers,  but  never  any  thing  like  the 
whole  fkeleton.  We  muft  therefore  con- 
clude that  they  are  digefted. 


CXLVIII. 


DISSERTATION  IV. 


49 

CXLVTII.  Reaumur’s  kite  was  capable  of 
digefting  bone,  though  of  the  hardeft  tex- 
ture, and  enclofed  in  tubes  (a).  Though 
the  experiment  juft  related  is  fufficiently  de- 
cifive,  yet,  as  the  bones  were  loofe  in  the 
ftomach,  to  be  abfolutely  certain  that  the 
effedt  was  produced  by  the  gaftric  fluid  alone, 
it  was  proper  to  repeat  it  with  a tube  -,  with 
this  view  a piece  of  the  thigh  of  a pigeon 
was  put  into  one  of  the  fame  tubes  that  I 
ufed  before  : thus  two  experiments,  one  on 
the  digeftion  of  flefh,  and  another  on  that  of 
bone,  were  made  at  once.  By  long  practice 
upon  birds  of  prey,  I learned  how  to  keep 
the  tubes  in  the  ftomach  ns  long  as  I pleafed. 
When  I had  given  one  of  my  tubes  to  an 
owl,  after  it  had  been  full  fed,  I found  it 
was  not  thrown  up  till  all  the  food  was  di- 
gested. This  observation  is  applicable  to  all 
other  birds  of  prey.  The  fame  thing  alfo 
happened  when  they  were  fed  Sparingly.  All 
the  difference  was,  that  as  the  full  ftomach 
requires  more  time  to  be  emptied,  the  tubes 
were  retained  longer,  and  vice,  verfa . When 
they  were  falling,  the  tubes  were  Sure  to  be 
returned  in  two  or  three  hours.  This  ob- 
servation, together  with  the  knowledge  I had 
acquired  from  experience,  of  the  time  thefe 
birds  take  to  digeft  a given  quantity  of  food, 
enabled  me  to  guefs  pretty  exactly  how  long 
the  tubes  would  continue  in  the  ftomach. 

I return  now  to  the  tube  in  which  part  of 
a pigeon’s  thigh  had  been  put.  After  Seven- 
teen hours  continuance  in  the  ftomach,  the 
bone  was  no  where  changed  except  at  the 

(a)  Mem.  cit. 
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broken  ends,  which  were  a little  foftenecL 
The  flefh,  by  which  it  was  covered,  as  well 
as  the  integuments,,  had  begun  to  be  diflolv- 
ed,  for  the  furface  was  become  exceedingly 
tender.  In  fourteen  hours  more  greater  effeds 
were  produced.  The  flefh  was  eonfiderably 
wafted  ; the  bone  was.  shortened  at  the  ends-, 
and  was  fo  loft,  as  to  yield  to  the  pie ilhre  of 
the.  finger.  In  t wen ty-f even  hours  more, 
there  was  no  remains  of  fieli  or  periodic um, 
and  the  bone  was  a good  deal  fhorter  than  at  ' 
fir  ft,  I could  not  but  be  defirous  of  feeing 
the  end  of  the  experiment,  and  therefore  re- 
placed the  bare  bone  in  the  tube.  When  it 
had  remained  twenty-one  hours  in  the  fto- 
mach,  it  had  loft  the  marrow,  and  the  inter- 
nal cavity  was  enlarged,  though  the  girt  was 
leflened.  This  arofe  from  the  corrofion  of 
the  internal  and  external  farfaces  at  the  fame 
time.  Both  furfaces  were  covered  with  a 
yellow  fluid,  that  had  at  once  a bitter  and 
fait  tafte;  and  points  of  gelatinous,  matter 
were  dilperfed  over  them.  The  bone,  thus 
half  diffolved,  was  put  again  into  the  tube, and 
left  thirty-two  hours,  longer  in  the  ftomach* 
If  the  reader  can  conceive  a cylinder  óf  thin 
paper,  uneven  at  the  ends,  and  perforated 
with  feveral  holes,  he  will  have  an  idea  of  the 
idate  of  the  bone  when  it  was  taken  out  of  the- 
tube.  It  was  covered  with  the  fame  fluid, 
which  mu  ft  have  been  the  gaftric  liquor  > 
and  the  gelatinous  points  now  alfo  were  dif- 
gerfed  over  the  furface  of  the  leaf  ; this  jelly 
was  the  ofleous  matter  itfelf,  reduped  to  this 
ftate  by  the  adion  of  the  gaftric  fluid.  Laft- 
ly,  nine  hours  longer  continuance  in  the  fto- 
mach,  left  only  a few  fmall  chips.  This 
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fine  experiment  convinced  me,  that  the  gattric 
fluid  of  the  little  owl  is  capable  of  di  getting 
bone  as  well  as  fletti,  without  the  concur- 
rence of  any  external  agent  : it  alfo  Ihews  the 
gradual  progrefs  of  digeftion. 

CXLIX.  Having  lb  far  fatisfied  my  cu- 
rioflty,  it  remained  to  enquire  into  the  nature 
of  this  fluid,  and  it's  effects  out  of  the  ani- 
mal body.  With  the  fmall  fpunges,  by 
means  of  which  I obtained  fo  large  a quan- 
tity from  crows  (LXXXI,  LXXXII),  I pro- 
cured it  in  due  proportion  from  the  fpecies  of 
owl  in  queftion.  I lay  in  due  proportion  ; for 
it  is  evident,  that  as  the  ftomach  of  thefe 
birds  Will  not  admit  fo  many  tubes  as  that 
of  crowds,  it  cannot  yield  fo  much  gattric 
fluid.  Befides,  I had  only  fix  little  owls, 
whereas  I could  get  as  many  crows  as  I 
pleafed.  It  was  wonderful  how  foon  the 
lpunges  were  filled  with  liquor.  As  they 
were  introduced  into  the  empty  ftomach, 
they  were  foon  thrown  up,  agreeably  to  an 
obfervation  made  above  (CXLVI'I)  • and  yet 
they  were  as  full  of  juice,  as  if  they  had  been 
dipped  in  water  -,  and  fretti  ones  immediately 
forced  down  the  throat,  yielded  a nearly 
equal  quantity.  I obferved  the  fame  thing 
in  crows  (LXXXIII).  Whence  it  appears, 
with  what  care  Nature  provides  a large  lup- 
ply  of  gattric  liquor  in  thefe  animals,  as  di- 
geftion  is  entirely  dependent  upon  it.  The 
juice  was  inftantly  lqueezed  out  of  the 
fpunges  into  a fmall  glafs  ; it  appeared  to 
have  the  fluidity  of  water,  but  was  of  a red- 
difh-yellow  colour,  like  the  yolk  of  art  egg. 
This  colour  was  not  inherent  in  the  gattric 
liquor  ; it  arofe  from  an  imrncnfe  number  of 
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very  finali  yellow  corpufcles,  fcarce  percep- 
tible by  the  naked  eye,  but  eafily  feen  by 
help  of  the  microfcope.  In  a few  hours  they 
fubfided  to  the  bottom,  in  the  form  of  a yel- 
low fediment,  and  left  the  fluid  above  tranf- 
parent,  like  water,  where  it  has  been  freed 
from  mud  that  was  diflfufed  through  it,  and 
rendered  it  turbid.  The  firft  time  I faw  this 
phenomenon,  I fufpedted  it  was  owing  to 
fome  impurities  that  remained  in  the  fto- 
mach,  and  wrere  mixed  with  the  juice.  Be- 
fore the  next  experiment,  in  order  to  be  cer- 
tain that  the  ftomach  was  free  from  hetero- 
geneous fubftances,  I kept  the  animal  falling 
for  a longer  time  than  ufual  ; but  this  did 
not  prevent  the  yellow  colour  from  appear- 
ing. Upon  opening  the  ftomach  of  an  owl 
that  had  been  long  kept  failing,  I could  find 
no  foreign  fu  bilance,  but  the.  fluid  was  as 
yellow  as  that  fqueezed  out  of  the  fpunges. 
I was  therefore  convinced  that  thefe  particles, 
though  I could  not  difcover  their  origin,  did 
not  come  from  any  remains  of  .the  food. 
The  gaftric  liquor  of  the  little  crow,  like 
other  gaflric  liquors,  is  a little  fait  and  bit- 
ter ; it  evaporated  fooner  than  water.  It 
leaves  a fediment  of  the  yellow  particles, 
which  gradually  becomes  dry,  and  forms  a 
blueifh  yellqyv  cruft;  it  is  not  at  all  inflam- 
mable. It  has'one  property  common  to  every 
gaftric  fluid  I have  hitherto  examined,  or 
ih  all  have  occafion  to  mention  in  the  lequel  ; 
though  it  is  expofed  to  the  open  air  for  weeks 
and  months,  in  the -hotted  feafon,  it  never 
becomes  putrid. 

CL.  Such  are  the  properties  of  the  gaftric 
liquor  of  the  finali  owl,  when  ' examined 
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alone.  Let  us  proceed  to  the  effects  it  pro- 
duces on  flefh  out  of  the  body.  In  / thefe 
experiments  I ufed  calves  intemnes,  a kind 
of  food  which  this  bird  devours  very  greedi- 
ly. Forty-fix  grains  were  immerfed  in  fonie 
recent  gaftric  fluid  ; and  at  the  fame  time  an 
equal  quantity  of  the  fame  inteftine  was  put 
into  a phial  exactly  like  the  former,  and  an 
equal  quantity  of  water  was  poured  upon  it. 
Whenever  I have  made  experiments,  with  a 
view  to  compare  the  effects  of  the  gaftric  li- 
quor and  water,  I have  taken  care  that  all 
circumftances  fhould  be  alike.  To  prevent 
evaporation,  the  mouths  of  the  phials  were 
flopped  with  paper  ; they  were  fet  near  a kit- 
chen fire,  where  the  ufual  heat  was  between 
thirty  and  thirty-five  degrees.  In  eleven  hours  . 
fome  black  fpots  began  to  appear  upon  the 
inteftine  in  the  gaftric  fluid,  which  were  at 
firll  thinly  fcattered  over  it,  but  became  gra- 
dually more  numerous,  till  in  twenty-four 
hours  they  almoft  covered  it.  During  the 
formation  of  the  fpots,  I examined  the  intef- 
tine with  the  microfcope,  and  found  that 
where  they  appeared,  the  flefh  was  foftened, 
and  had  loft  its  fibrous  texture.  When  they 
had  fpread  over  the  whole  piece,  I took  it 
out  of  the  liquor,  and  wafhed  it  with  pure 
water;  and  now  it  recovered  its  white  co- 
lour, for  the  black  covering  confifted  of  a 
thin  Aratimi  of  flefh,  which  the  gaftric  fluid 
had  concoCted.  It  was  very  eafily  rubbed  off, 
and  fell  to  the  bottom  of  the  water  in  ex- 
ceedingly finali  particles,  where  it  formed  a 
black  lediment,  and  when  viewed  by  the  mi- 
crofcope, feemed  to  be  a collection  of  mole- 
cules of  flefh,  with  no  appearance  of  fibres, 
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When  the  piece  of  gut  was  dried,  it  weighed 
only  twenty-eight  grains,  and  had  therefore 
loft  eighteen  ; the  piece  that  had  ftood  in 
water  for  the  fame  length  of  time,  was  quite 
foetid j whereas  the  other  emitted  no  disa- 
greeable fmell  : after  walking  and  drying,  it 
was  found  to  have  loft  feven  grains.  Both 
pieces  were  again  put  into  the  phials,  with 
the  fame  quantity  of  water  and  gaftric  fluid, 
and  left  in  their  former  lituation  for  two  days. 
The  latter  had  now  loft  its  fhape  and  organi- 
zation, and  was  converted  into  a black  muci- 
lage, of  which  the  particles  had  no  longer 
any  cohefion.  The  gaftric  liquor  had  there- 
fore difl'olved  the  piece  of  inteftine  complete- 
ly ; an  effect,  which  neit  her  water  nor  putre- 
faction had  produced  upon  the  other  ; for 
there  was  a remainder  of  nineteen  grains,  that 
not  only  retained  its  fibrous  ftrudture,  but 
made  coniiderable  refiftance  when  I attempted 
to  tear  it. 

CLI.  I did  not  negleCt  to  examine  the 
ftomach  and  cefophagus  of  this  fpecies  of 
owl,  as  I conceived  that  it  would  be  impro- 
per to  omit  a brief  defcription  of  thefe  or- 
gans in  the  animals  upon  which  my  experi- 
ments were  made.  If  the  beginning  of  the 
duodenum  be  tied,  fo  as  to  flop  the  air  from 
paffmg,  and  the  upper  end  of  the  oefopha- 
gus  be  inilated,  we  get  a view  of  the  cefo- 
phagus  and  ftomach  dilated  to  their  utmoft 
extent  -,  together  they  referable  a pear,  or  ra- 
ther a gourd,  of  which  the  belly  is  formed 
by  the  ftomach,  and  the  neck  by  the  cefo- 
phagus ; when  infpebted  againft  the  light, 
the  latter  appears  lemi-tranfparent,  and  the 
former  quite  opake.  If  they  are  cut  longi- 
tudinally» 
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.tudinally)  and  fpread  upon  a table,  we  find  that 
the  trail  ibarency  of  the  cefophagus  is  owing 
to  the  thinnefs  of  its  fides,  which  thicken 
.as  they  delcend,  and  render  the  lower  part  as 
opake  as  the  fiomach.  It  becomes  not  gra- 
dually, but  fudderdy  thicker,  from  the  mul- 
titude of  follicular  glands  that  form  the  fame 
kind  of  tranfverfe  falcia,  that  I have  defcrib- 
ed  in  other  birds  5 in  this  fpecics  it  is  about 
five  lines  broad.  Thefe  glands  continually 
fecrete  into  the  cavity  of  the  cefophagus -a  li- 
quor al  mold  infipid,  of  a turbid  white  co- 
lour, and  of  fonie  d enfi  tv  ; in  a word,  re- 
fembling  the  cefophageal  juice  of  other  birds. 
At  the  beginning  of  the  fiomach  the  folli- 
cles difappear,  nor  could  I find  the  fmallefi 
vefiige  of  any  thing  like  them  in  the  coats, 
though  I fearched  with  care.  Are  we  then 
to  fuppofe  that  the  fource  of  the  fluid,  which 
is  always  to  be  found  in  the  fiomach,  is 
from  the  numberlefs  glands  lying  at  the  bot- 
tom of  the  cefophagus  j this  is  probably  true 
of  part  3 but  that  no  finali  part  comes  alfa 
from  the  arteries  of  the  fiomach  itfelf,  the 
humidity,  like  what  I have  defcribed  in  other 
animals  (XCIII,  CXXXII),  has  furnifhed 
me  with  an  indubitable  proof;  for  it  imme- 
diately appears  again,  after  it  has  been  wiped 
off  ever  fo  clean. 

CLII.  This  defcription  will  apply  to  the 
cefophagus  and  fiomach  of  fcreech-owls  : I 
have  made  experiments  on  two  fpccies  of  the 
owl;  one  variegated  with  many  colours, 
among  which  the  red  and  brown,  or  dull 
yellow,  predominate  ; upon  the  head  are  two 
curious  tufts,  in  the  fliape  of  a crefcent  ; the 
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Other  fpecies  has  not  this  tuft,  but  is  adorn-, 
ed  with  a greater  variety  of  elegant  colours  : 
the  iris  is  dufky,  in  the  former  it  is  yel- 
low (a).  My  firft  experiment  was  made  upon 
one  of  the  long-eared  owls,  and  the  refult 
greatly  furprized  me.  It  threw  up  two 
tubes  in  about  three  hours  after  it  had  taken 
them,  nor  was  the  flefh  at  all  changed  ; I 
could  not  perceive  any  alteration,  even  when 
it  had  continued  upwards  of  feven  hours  in 
the  flomach.  If  I had  not  been  very  cauti- 
ous in  forming  opinions,  I fhould  have  con- 
cluded, that  the  gaftric  juices  of  this  fpecies 
are  inefficient  of  thémfelves  to  produce  di- 
gestion ^ but  I reflected,  that  a tingle  experimén  t 
did  not  warrant  fuch  a conclufion,  and  that 
fome  adventitious  circumftance  might  have 
affedled  the  refult.  The  bird  feemed  quite 
ftupid,  and  reduced  very  much  in  its  fleffi  ; 
hence  it  was  probably  unhealthy,  and  confe- 
quently  incapable  of  digefting  its  food  pro- 
perly. This  fufpicion  was  confirmed  by  the 
account  cf  the  perfon  from  whom  I had  it, 
who  informed  me,  that  it  had  refufed  food 
ever  fince  it  was  taken,  which  was  now  four 
days.  It  was  an  old  bird;  and,  upon  turn- 
ing to  Buffon,  I found  that,  in  order  to  rear 
individuals  of  this  fpecies,  it  is  necefiary  to 
catch  them  young,  for  the  old  ones  will  not 
take  fuftenancé  in  confinement, (.6).  In  two 
days  and  a half  longer,  that  in  my  pofleffion 

(a)  The  former  fpecies  is  called  by  Linnaeus  Jirix  otus , 
and  rnoyen  due  by  BufFon  ; the  latter  jirix  Jì adula  and  chat 
huant. 

(b)  A.  1.  c, 

died 
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died  without  taking  any^ood,  and  returning 
what  I forced  down  the -throat. 

CLIII.  This  owl  fell  into  my  hands  in 
winter  ; the  fpring  following  I procured  two 
young  ones  from  the  heft,  which  devoured 
food  with  eagernefs  whenever  hunger  preffed 
upon  them  : I now  repeated  my  experiment, 
and  the  refult  was  exactly  the  reverfe  of  the 
preceding  3 the  flefh  in  the  tubes  fhewed 
iigns  of  folution  in  three  hours  and  three 
quarters,  and  in  feven  was  entirely  diffolved. 
This  convinced  me,  that  the  failure  of  the 
foregoing  experiment  was  not  owing  to  the 
ineffi'cacy  of  the  gaflxic  fluid,  but  to  the 
morbid  condition  of  the  animal  ; which  ei- 
ther leflened  its  quantity,  or,  what  is  more 
probable,  impaired  its  quality.  I might, 
therefore,  have  omitted  mentioning  that  fai- 
lure 3 but  it  was  better  to  relate  it,  in  order  to 
fhew,  that  when  the  food  inclofed  in  tubes 
is  not  digefted,  we  are  not  immediately  to 
infer,  that  the  gaflxic  fluid  is  not  capable  of 
producing  this  effedt. 

CLIV.  But  my  young  owls  digefted  not 
only  flefh,  but  bone  3 and  that  of  a hard  tex-* 
ture,  fuch  as  the  bones  of  flieep  and  oxen, 
not  to  mention  thole  of  pigeons  and  fowls. 
The  refult  was  eflentially  the  lame  as  in  the 
preceding  fpecies  (CXLVII,  CXLVIII)  ; 
jnftead,  therefore,  of  dwelling  upon  it,  I will 
relate,  at  fome  length,  a fac'd,  which,  ip  my 
opinion,  deferves  to  be  noticed.  I gave  one 
of  my  owls  a frog,  and  in  an  hour  killed  it. 
The  Ifomach  was  exceedingly  dilated,  and 
was  incapable  of  containing  the  wrhole  frog, 
of  which  the  head  lay  in  the  cefophagus,  and 
iij-etched  the  fides  conflderably  3 the  hind 
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legs  lay  at  the  bottom  of  the  ftomach,  and 
the  flem  was  fo  much  wafted,  that  the  bones 
were  nearly  bare:  the  integuments  of  the 
thighs  and  trunk  were  almoft  corroded,  and 
the  flefh  was  as  tender  as  if  it  had  been  boil- 
ed. The  head,  which  lay  contiguous  to  the 
fafcia  of  follicular  glands  at  the  bottom  of  the 
oefophagus,  had  begun  to  be  diftolved.  This 
experiment  lhews  not  only  that  flefh  isdigefted 
with  great  quicknefs  by  the  gaftric liquor,  but 
likewife  that  it  is  digefted  equally  foon  in  the 
oefophagus  and  ftomach ; an  obfervation  I 
had  not  yet  made  upon  any  other  animal. 

CLV.  Before  I killed  both  thefe  owls,  I 
was  defirous  of  having  fome  of  their  gaftric 
juice,  that  I might  fee  whether  it  retained 
like  others  its  power  of  digeftion  ; and  I found, 
that  flefti  is  completely  diftolved  by  it  even 
when  it  is  affifted  by  a proper  degree  of  heat. 

CLVI.  In  the  other  fpecies,  the,  tawny  owl, 
the  fame  phenomena  occurred  with  refpedl 
to  the  folution  of  flefh  and  bone  in  the  tubes, 
whether  we  confider  the  digeftion  of  flefh  and 
bone  in  tubes,  or  the  fpeedy  digeftion  in  the 
oefophagus  (a),  or  the  remarkable  flown efs 

(a)  When  I was  compofmg  the  text  I was  ftruck  by  a 
refledtion,  for  the  infertion  of  which  this  is  the  proper 
place.  If  we  compare  the  prefent  with  theLXXVJI, 
LXXVIII,  LXXIX,  XCIX,  Cth,  CIft,  CXXXV, 
CLIVth,  it  will  appear,  that  the  oefophageal  before  its 
mixture  with  the  gaftric  fluid,  in  many  animals,  is  endow- 
ed with  fome  degree  of  digeftive  power.  This  virtue, 
though  it  is  generally  only  exerted  in  conjumftion  with 
the  gaftric  fluid,  yet  in  feveral  animals  produces  its  effeéls 
in  the  oefophagus,  as  we  have  feen  on  more  than  one  oc- 
cafion,  when  the  fubjeft  was  animals  of  which  the  fto- 
mach is  not  capacious  enough  to  hold  all  the  food  (which 
is  fwallowed  with  great  eagernefs),  and  part  muft  there- 
fore be  lodged  in  the  oefophagus. 
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of  that  procefs  out  of  the  body.  Upon  an 
individual  of  this  fpecies  I made  an  experi- 
ment, which  had  been  unfuccefsful  on  th t lit- 
tle owl.  Oblerving,  that  when  they  were 
hungry  and  open  their  beak  very  wide,  if  I 
dropped  a pea.  French-bean,  or  cherry  into  it 
they  fwallowed  it  with  as  much  avidity  as  if  it 
had  been  the  pleafanteft  kind  of  food,  I was 
defirous  of  feeing  whether  the  ftomach  would 
digeft  vegetable  fu bftances.  With  this  view 
I enclofed  fome  of  the  feeds  juft  enumerated 
in  1'ome  tubes,  and  forced  them  down  the 
throat,  but  to  no  purpofe;  for  though  the 
liquor  fwelled  them,  and  perhaps  altered  the 
colour,  they  underwent  no  diminution  of 
bulk.  They  were  thrown  up  undigefted  in  a 
day  or  two,  a circumftance  which  fufficiently 
fhews,  that  fuch  kind  of  food,  notwithftand- 
ing  they  appear  to  relifh  it,  is  ill  adapted  to 
their  gaftric  juices.  The  greedinefs  with 
which  they  fwallow  fuch  lubftances  can  arile 
only  from  that  blind  appetite,  in  confequence 
of  which  birds  take  whatever  is  offered  them. 

CLVII.  Being  fatisfied  with  thefe  expe- 
riments on  nodturnal  birds  of  prey,  I turned 
my  attention  to  fome  of  the  diurnal  ones. 
My  firft  fubjedl  was  a falcon  given  me  by  my 
illuffxious  friend  the  abbe  Corti,  formerly 
profeffor  of  natural  hiftory  at  Reggio,  and 
now  fuperior  of  the  College  of  Nobles  at 
Modena,  a philofopher  well  known  in  the 
republic  of  letters  by  feveral  fine  publica- 
tions. It  was  of  the  fize  of  a common  hen, 
and  appeared  to  belong  to  the  fpecies  deno- 
minated lanarhis  by  Linnaeus.  1 foon  found, 
that  I could  not  handle  this  bird  fo  familiarly 
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as  thofe  which  I have  had  occaflon  to  men- 
tion hitherto.  The  drong  beak  and  long 
fharp  talons  would  not  eaiily  permit  me  to 
open  the  mouth  by  force,  and  thrud  the 
tubes  down  the  throat.  I however  contriv- 
ed a method  of  introducing  them  into  the 
ftomach  without  the  bird  being  aware;  it 
confided  in  cutting  fome  flefh  in  pieces, 
making  holes  in  them,  and  concealing  the 
tubes  in  thefe  holes.  When  the  falcon  was 
hungry  he  ran  eagerly  to  the  pieces  of  flefh, 
and  fwallowed  them  whole.  For  tire  fraud 
to  fucceed,  it  was  neceffary  that  the  tubes 
fhould  be  quite  covered  with  flefh;  for  if 
any  part  of  them  was  bare,  the  falcon  would 
put  them  under  his  talons  and  tear  the  flefh 
away  with  his  beak  and  fwailow  it,  leaving 
the  tubes. 

CLVIII.  My  fird  experiment  was  made 
with  a view  to  afcertain,  whether  it  was  ca- 
pable of  digeding  bone  independently  of  the 
addon  of  the  ftomach.  The  refult  was  fuc- 
cefsful  ; but  1 have  before  faid  fo  much  on 
the  fubjed  of  the  digedion  of  bone,  that  I 
fhould  omit  relating  the  prefen t indance  par- 
ticularly but 'for  a new  and  important  phae- 
nomenon,  which  renders  the  detail  neceffary. 
The  bone  confided  of  little  fplinters  of  an 
ox's  thigh  bone;  they  were  very  hard  and 
compad,  and  of  various  flzes,  from  a grain 
of  wheat  to  a bean  ; they  weighed  together 
fixty-feven  grains;  I put  them  into  two 
tubes,  in  which  they  were  rather  clofely 
crammed.  To  prevent  their  falling  out  of  the 
tubes  when  they  began  to  be  dilfolved,  and 
confequently  to  get  loofe  from  each  other,  I 
pyt  the  tubes  in  a linen  bag,  a precaution 

which 


DISSERTATION  IV.  r6t 

which  I had  before  employed,  and  continued 
to  employ  occalionallym  future.  In  twenty- 
four  hours  the  bones  had  fhifted  their  re- 
fpedive  places  and  rattled  in  the  tubes,  a cir- 
cumftance  that  Ihewed  the  bulk  to  be  dimi- 
nifhed.  They  were  moift  with  gaftric  li- 
quor, but  had  none  of  thofe  gelatinous  points 
which  I had  feeii  in  an  experiment  both  oil 
the  little  owl  (CXLVIII),  and  the  two  other 
fpecies.  Thefe  points  were,  as  I then  re- 
marked, the  oneous  matter  converted  into 
jelly  or  chyme  by  the  gaftric  liquor.  But 
what  is  extrordinary  was,  that  thefe  fplinters 
retained  their  original  hardnefs  and  rigidity; 
fo  that  at  firft  fight  one  would  not  have  fup- 
pofed,  that  the  fluid  of  the  ftomach  had  had 
any  effed  upon  them.  However,  the  con- 
trary was  certain;  for  when  the  gaftric  li- 
quor was  wiped  off,  they  weighed  only  forty- 
two  grains.  I now  replaced  them  in  the 
tubes,  and  examined  them  again  after  they 
had  been  two  days  in  the  ftomach.  .The 
pieces  of  the  fize  of  grains  of  wheat  were  all 
deftroyed  but  two,  which  were  now  no  larger 
than  millet.  Three  of  the  fplinters  were  at 
firft  as  big  as  beans,  but  now  reduced  to  the 
fize  of  maize.  Thofe  of  an  intermediate  *. 
fize  were  diminifhed  in  proportion.  During 
the  whole  time  they  all  continued  hard.  At 
the  third  examination,  after  fifty-feven  hours 
longer  continuance  in  the  ftomach,  the  three 
large  pieces  only  were  left,  and  they  were 
now  no  larger  than  millet;  when  I ftruck 
them  with  an  hammer,  1 found  that  they  re- 
tained their  original  hardnefs. 

The  gaftric  liquor  therefore  of  the  falcon 
does  not,  like  that  of  owls  and  many  other 

animals. 
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animals,  infmuate  itfelf  into  the  fubldancc 
of  the  bone,  but  adds  on  the  lurface  only. 
The  phenomenon,  I think,  may  be  thus  ex- 
plained : conceive  a bone  to  be  compofed, 
like  wood,  or  to  bring  a more  familiar  in- 
Itance,  like  an  onion,  of  a great  number  of 
Idrata.  The  Idrata  of  the  onion  are  of  con- 
fiderable  thicknefs,  but  we  muld  irhagine, 
that  in  bone  they  are  exceedingly  thin.  The 
gafdric  fluid  of  owls  or  other  animals  will 
Arid  diflolve  the  upper  ldratum,  but  while  it 
is  doing  this  it  will  penetrate  and  foften  the 
contiguous  Idrata,  without  difl'olving  them. 
Hence  the  tendernefs  of  bone  that  has  lain 
in  the  Idomachs  of  animals.  On  the  con- 
trary, we  muld  fuppofe,  that  the  galdric  li- 
quor of  the  falcon  has  no -power  of  pene- 
trating the  internal  idrata,  but  that  its  addion 
is  limited  to  the  furface.  According  to  this 
fuppoiition  the  bone  will  be  digefded  without 
having  the  internal  parts  loftened,  and  thus 
Idratimi  after  ldratum  will' be  taken  away,  jufd 
as  it  would  happen  if  we  had  a menldruum 
capable  of  dildolving  only  the  fuperficial 
layer  of  an  onion  without  adding  upon  the 
others. 

CLIX.  Before  I concluded  pofltively  that 
the  gafdric  juice  does  not  foften  bone  at  all, 
f determined  to  obferve  its  effedds  when  it  is 
at  liberty  to  add  without  any  obidacle;  for  it 
is  polli bie,  that  its  efficacy  might  be  impair- 
ed by  paling  through  the  cloth.  I there- 
fore. took  a piece  of  the  fame  thigh  bone 
from  the  thickeld  part,  and  worked  it  into  a 
fpheré  by  the  lathe,  to  prevent  the  angles 
injuring  the  fine  coats  of  the  Idomach;  it 
was  then  given  to  the  falcon.  My  purpole 
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was  to  obferve  whether  as  it  was  diffolved  it 
was  alfo  l'oftened. 

It  continued  five  days  in  the  ftomach  with- 
out becoming  in  the  lead;  tenderer  . The  fhort- 
ening  of  its  diameter  {hewed  that  it  was  leften- 
cd  in  bulk.  Meantime  the  falcon  threw  up 
the  fphere  once  or  twice  a day,  according  as 
he  was  fupplied  with  food;  for,  as  I have 
obierved  with  refpedt  to  other  birds  of  the 
fame  clafs  (CXLVIXI),  he  did  not  vomit  in- 
• digeftible  bodies  till  he  had  digefted  the  pther 
contents  of  the  ftomach.  To  caufe  indigel- 
tible  fubftances  to  remain  in  that  cavity  af- 
ter digeftion  was  over,  I gave  him  frefh  food  ; 
for  experience  had  taught  me. to  judge,  when 
that  period  was  approaching,  I was  fure  to  at- 
tain my  purpofe;  lince  when  the  crop  is  full 
of  food,  the  contents  of  the  ftomach  cannot  be 
evacuated  through  the  mouth.  By  this  con- 
trivance the  falcon  was  made  to  retain  the 
globe  twenty-two  fucceftive  days.  It  is 
lcarce  worth  while  to  obferve,  that  it  was 
not  foftened,  lince  the  inability  of  the  gal- 
trie  fluid  to  produce  this  effedt  has  been  fuf- 
ficiently  proved  before;  but  the  remarkable  di- 
minution it  underwent  delerves  to  be  noticed". 
The  fphere  was  at  firft  four  lines  and  an  half 
in  diameter,  and  when  it  had  been  thirty-five 
days  and  leven  hours  in  the  ftomach  it  mea- 
lured  only  a line  and  about  a third  ; it  pre- 
ferved  its  form  perfectly;  the  fame  maybe 
laid  of  its  pollili  ; there  was  not  a furrow, 
nor  an  indentation,  nor  an  afperity  of  any 
fort  upon  the  lurface.  This  linoothnefs  is., 
I think,  a clear  proof,  that  the  ftomach  of 
this  lpecies  has  no  triturating  power,  other- 
wife  the  globe  would  have  fuftained  fome 

injury 
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injury  from  the  friction  and  impulfes  of  fo 
many  tin  tubes  as  were  introduced  into  the 
flomach  during  its  continuance  there. 

CLX.  Let  it  not  however  be  imagined,  that 
bones  of  a texture  lefs  rigid  require  fo  much 
time  to  be  diffolved  ; this  was  very  far  from 
being  the  cafe.  My  falcon  would  eat  a whole 
pigeon  at  once,  for  birds  of  this  kind  always 
when  they  take  any  large  prey  fill  themfelves 
quite  full,  and  then  continue  feveral  days 
without  food.  My  falcon  refuted  the  en- 
trails, the  tips  of  the  wings,  and  the  beak; 
the  reft  he  devoured  with  the  utmofc  greedi- 
nefs.  But  no  bone  or  fiefh  was  ever  vomit- 
ed, nor  did  any  thing  pafs  out  at  the  vent  in 
the  form  of  bone  or  fiefh  ; the  excrements 
now,  as  wrell  as  at  other  times,  confifting  of  a 
femifluid  matter,  partly  white  and  partly 
black.  When  dry  it  might  be  reduced  to  an 
impalpable  powder  by  rubbing  between  the 
fingers.  This  animal  therefore  digefted  not 
only  the  fiefh,  but  the  bones  of  a pigeon,  and 
that  in  the  fhort  fpace  of  a day  ; for  at  the 
expiration  of  this  time  it  would  eat  a fecond 
pigeon. 

CLXI.  While  I was  examining  the  man- 
ner in  which  the  falcon  digeifs  bone,  I was 
ffruck  with  a thought  that  had  never  occurred 
to  me  during  the  whole  train  of  the  fore- 
going experiments;  itwras  to  enquire' 'whether 
the  gaifric  liquor  befides  bone  is  alio  capable 
of  digefting  fonie  other  animal  fubflances, 
luck  as  the  enamel  of  the  teeth,  the  toughed: 
tendons,  and  horn.  With  this  view  I en- 
clofed  two  incifors  from  the  lower  jaw  of  a 
fheep  in  a tube,  which  the  falcon  retained 
three  days  and  feven  hours.  Wherever  the 
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enamel  did  not  extend  they  were  corroded 
and  wafted,  but  the  other  parts  were  unin- 
jured, and  as  brilliant  as  at  firft.  In  four 
'days  and  an  half  longer  continuance  in  the 
ftomach  the  fang  was  nearly  diffolved,  but 
the  enamel  was  perfectly  found.  The  teeth 
were  kept  two  days  more  in  the  ftomach 
without  the  tubes,  but  no  further  effedt  was 
produced  ; whence  it  was  neceftary  to  infer, 
that  the  gaftric  juice  of  the  falcon  is  incapa- 
ble of  diftolving  the  enamel  of  the  teeth  ; a 
circumftance  which  is  not  very  furprifing,  lìnee 
it  differs  from  every  other  ofleous  fubftance. 

CLXII.  I have  elfewhere  obferved,  that 
birds  of  prey,  and  confequently  falcons, 
vomit  the  feathers  of  the  birds  which  they 
eat  (LIX)  ; it  is  therefore  evident,  that  the 
gaftric  fluid  cannot  digeft  them.  The  fmell 
emitted  by  burning  feathers  fhews,  that  they 
approach  the  nature  of  horn  ; it  was  there- 
fore reafonable  to  fufpedt,  that  corneous  fub- 
ftances  would  not  be  diffolved  in  the  fto- 
mach, a fufpicion  which  was  verified  by  the 
event.  Some  pieces  of  ox’s  and  Iheep’s  horn 
were  as  ufual  concealed  in  flelh,  and  given  to 
the  falcon.  In  a few  days  they  were  thrown 
up  entire  and  uninjured.  I have  remarked, 
that  the  internal  coat  of  the  ftomach  in  gal- 
linaceous fowls  is  not  tender  and  yielding, 
as  in  many  animals,  but  firm  and  cartilagi- 
nous (XXXV,  XLVII,  XLIX,  L).  Hav- 
ing frequently  obferved,  that  when  burned 
it  exhales  an  odour  very  much  like  feathers 
and  horn,  I fuppofed  tnat  it  would  in  like 
manner  elude  the  adtion  of  the  gaftric  fluid, 
which  really  happened;  and  not  only  in  the 
thick  coats  of  turkeys  and  geefe,  but  in  the 
Voi.  I.  M thin 
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thin  ones  of  pigeons,  blackbirds,  and  quails. 
When  I gave  my  falcon  the  whole  ftomach 
of  any  of  thefe  fowls,  the  other  coats  were 
foon  digefted,  but  the  cartilaginous  remained 
entire. 

In  tendons  the  refult  was  different;  for 
my  experiment  I chofe  an  ox’s  tendo  achillis , 
one  of  the  moft  tenacious  tendons  that  is  to 
be  found  in  animal  bodies.  It  was  hung  to 
dry  in  fummer  for  feveral  weeks,  and  thus 
became  lb  hard,  that  a keen  knife  would 
hardly  cut  it.  However,  the  gaftric  liquor 
of  the  falcon  diffolved  it  both  when  it  was 
enclofed  in  tubes,  and  loofe  in  the  ftomach. 

CLXIII.  Moft  fhoes  have  the  upper  lea- 
ther of  calf-fkin,  and  the. foie  of  ox’s  hide. 
Both  thefe  fubftances  are  very  readily  digeft- 
ed by  carnivorous  animals  when  frefh  : this 
at  leaft  is  the  cafe  with  the  falcon;  but  the 
contrary  happens  when  they  have  been  tan- 
ned. Another  faót  has  warned  me  how  cau- 
tious we  ought  to  be  in  forming  general  rules 
in  phyfics.  Who  would  not  have  concluded 
from  the  laft  experiment,  that  every  other 
kind  of  leather  is  alfo  indigeftible  ? Yet  the 
reverfe  happened  in  fheep-fkin  drefted,  and 
dyed  yellow.  Some  lifts  of  it  were  enclofed 
in  tubes,  and  completely  digefted  in  feven 
hours. 

CLXIV.  As  I had  found  the  gaftric  fluid 
of  other  carnivorous  animals  incapable  of 
digefting  vegetable  matters,  it  was  more  than 
probable,  that  the  fame  thing  would  take 
place  in  the  falcon.  I however  thought, 
that  it  would  be  proper  to  afcertain  this  point 
by  experiment,  if  for  no  other  reafon,  yet  on 
account  of  the  recent  inftance  of  the  uncer- 
tainty 
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tainty  of  analogical  arguments  (CXLIII). 
At  the  fame  time  I was  defirous  of  deter- 
mining whether  digeftion  is  the  effedt  of  thè 
gaftric  liquor  folely,  as  it  feemed  more  than 
probable.  The  falcon  could  very  well  take 
fix  tubes  at  a time:  four  w'ere  filled  with 
various  vegetable  fubftances,  fuch  as  crumb 
of  bread,  chick-peafe,  flices  of  pears  and 
apples;  in  the  fifth  and  fixth  were  enclofed 
mutton  and  beef.  Upon  thefe  fubftances 
the  effects  of  the  gaftric  fluid  were  ex- 
actly the  reverfe.  The  flefh  w^as  totally  dif— 
folved  in  twenty-feven  hours,  but  the  vege- 
tables had  undergone  no  alteration.  Two 
frefh  tubes,  containing  in  the  middle  a bit 
of  fie fli,  and  at  the  tides  mafticated  bread 
and  boiled  peafe  and  chick-peafe,  decided  th’e 
queftion  ftill  more  clearly.  The  vegetables 
were  undiminifhed,  but  the  flefh,  which  was 
furrounded  by  them,  was  entirely  deftroyed. 
Thus  the  incapability  of  the  gaftric  juice  to 
di  Ubi  ve  vegetables,  and  its  efficacy  on  flefh, 
were  fully  proved. 

CLXV.  By  means  of  little  fpunges  I pro- 
cured this  fluid  fometimcs  when  the  fto- 
mach  was  empty,  and  at  others  when  it  con- 
tained fome  remains  of  the  food,  in  which 
cafe  it  was  always  turbid  and  full  of  hete- 
rogeneous matters,  of  a cineritious  yellow 
colour,  and  had  not  much  fluidity.  When 
the  ftomach  was  empty  it  Was  fufficiently 
clear,  without  any  extraneous  fubftance,  had 
an  intermediate  colour  between  yellow  and 
white,  was  very  fluid,  and  had  a faltifh  and 
bitter  tafte.  With  this  I attempted  experi- 
ments on  digeftion  out  of  the  body,  like 
thofe  J have  before  mentioned  in  feveral  paf- 
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fages.  The  refult  was  not  different.  I ob- 
tained the  folution  of  various  kinds  of  flefh 
by  renewing  the  liquor  from  time  to  time, 
and  by  applying  a heat  of  thirty  deg.  the 
common  temperature  of  thefe animals.  With 
thefe  precautions  I moreover  caufed  nearly 
the  half  of  a fplinter  of  a bone  of  beef, 
weighing  forty-four  grains,  to  be  diffolved. 

CLXVI.  Having  made  thefe  experiments, 
in  my  opinion  the  moft  interefting  the  fub- 
je£t  admits,  my  next  bufinefs  was  to  exa- 
mine the  ftomach  and  oefophagus.  How- 
ever, three  hours  before  I killed  my  falcon, 
I fed  him,  in  order  to  fee  what  effedt  is  pro- 
duced upon  the  food  in  the  craw.  It  was  in 
part  in  this  cavity,  and  part  had  defcended 
into  the  ftomach,  where  it  had  begun  to  be 
decompofed.  It  was  immerfed  in  the  gaffric 
fluid,  and  this  incipient  digeftion  had  the 
fame  appearance  as  it  has  out  of  the  body. 
The  flefh  in  the  craw,  even  that  which  was 
upon  the  point  of  palling  into  the  ftomach, 
was  only  a little  difcoloured;  this  circum- 
ffance  fhews  that  digeftion  is  performed  only 
in  the  latter  cavity,  and  that  in  the  craw  the 
food  is  only  difpofed  to  be  diffolved  more 
readily. 

CLX'VII.  When  a ligature  is  made  below 
the  pylorus,  and  air  blown  in  at  the  top 
of  the  oefophagus,  this  part  of  the  alimen- 
tary canal  refembles  a large  in  tedine  about 
five  inches  long  ; a little  more  than  half  way 
down  the  oefophagus  is  dilated  and  forms  the 
craw,  though  we  finali  find,  that  it  has  this- 
name  improperly,  if  we  compare  it  with  the 
cràws  ol  gallinaceous  fowls,  which  lie  at 
the  fide  of  the  oefophagus,  or  rather  without 
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it;  whereas  in  the  falcon  the  craw  is  a con- 
tinuation of  that  cavity.  If  we  invert  and 
again  inflate  the  cefophagus,  and  then  exa- 
mine it  in  a drong  light,  or  with  themicro- 
fcope,  we  can  perceive  an  immenfe  number  of 
glands  from  the  beginning  to  the  flefliy  faf- 
cia,  not  excepting  the  craw.  If  we  blow  in 
frefh  air,  and  obferve  it  again  with  the  glafs, 
we  diali  fee  the  glands*  which  are  of  an  ob- 
long fhape,  andprojed  a li  ttle  above  the  plane 
of  the  cefophagus,  each  emit  a drop  of  liquid  ; 
this  liquid  is  fo  vifcid,  that  one  of  thefe 
drops  may  be  drawn  out  into  a filament  an 
inch  or  more  long  ; it  is  infipid  to  the  tade. 
The  mod:  confiderable  part  of  the  oefopha- 
gus,  is  full  of  thefe  glands,  and  is  entirely 
membranous  ; it  only  becomes  mufcular  at 
the  commencement  of  the  fafcia,  which  in 
the  falcon,  as  well  as  other  birds,  feems*to 
conlid  only  of  numberlefs  follicular  glands, 
and  is  above  an  inch  in  breadth.  Thefe  fol- 
licles are  cylindrical,  and  are  all  connected 
by  a fine  membrane  ; they  have  one  of  their 
extremities  implanted  in  the  external,  and 
the  other  in  the  nervous  coat  of  the  domach  : 
through  the  latter,  the  excretory  duds  open 
and  difcharge  the  fame  kind  of  whitifh  and 
vifcid  matter  that  has  feveral  times  been  de-*- 
Icribed  as  belonging  to  birds  that  have  fimilar 
follicles.  Thefe  glands  and  follicles  abun- 
dantly fupplyi  the  domach  with  fluid;  and 
though  it  is  lometimes  deditute  of  glandu- 
lar bodies,  yet  a liquor  continually  poured 
into  the  cavity  byexhalant  arteries,  forms  an 
addition  to  that  which  comes  from  the  cefo- 
phagus, as  is  evident  from  the  moidu re  which 
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appears  upon  the  Tides  when  they  have  been 
wiped  dry  feveral  times. 

CLXVXXI.  The  eagle  on  which  my  expe-r 
riments  have  been  made,  belongs  to  the  lpe- 
cies  called  by  Mr.  Buffon  the  common  eagle , 
becaufe  it  is  found  upon  rnoff  of  the  high 
mountains  of  Europe  ; it  was  known  to 
Affilo  tie,  by  whom  it  is  called  i/A-ro?,  or 

the  black  eagle.  Hence  it  has  received 
the  denomination  of  Falco  Melanpetus  from 
Linnaeus,  who  refers,  with  whatever  pro- 
priety, the  eagle  and  falcon  to  one  family. 
Though  fome  naturalifts  reckon  two  fpecies 
of  the  common  eagle,  the  brown  and  the 
black,  X fhould incline  with  Buffon  and  Arif- 
totle  to  fuppcfe,  that  there  is  only  one.  The 
difference  in  colour  may  depend  on  the  diffe- 
rence of  age:  for  we  often  fee  animals  of 
different  ages  belonging  to  the  fame  fpecies 
differ  in  colour.  At  the  time  I was  in  poff 
feffion  of  my  eagle  I had  an  opportunity  of 
feeing  five  others,  four  dead  and  prepared, 
and  one  living,  in  the  poffeffion  of  the  counts 
Cafliglioni  of  Milan,  two  noblemen  equally 
remarkable  for  politenefs  of  manners  and  fkill 
in  natural  philofophy.  Thefe  animals  all 
varied  from  each  other  in  colour,  fome  being 
of  a black  more  or  lefs  deep,  and  others  of 
a darker  or  lighter  brown  -,  yet  they  agreed  in 
the  effential  characters  of  the  fpecies.  They 
were  all  nearly  of  the  fame  iize,  fomewhai 
exceeding  that  of  a turkey-cock,  their  legs 
and  feet  were  covered  with  feathers,  the  nails 
'were  black,  the  feet  yellow,  the  bill  blueilh, 
and  the  bale  was  covered  with  a bright  yel- 
low cere:  fuch  are  the  characters  which,  ac- 
cording 
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cording  to  the  French  naturali!!,  the  brown 
has  in  common  with  the  black  eagle. 

CLXIX.  The  ordinary  food  of  my  eagle 
confifted  of  live  cats  and  dogs,  when  I could 
procure  them.  It  eafily  killed  dogs  much 
larger  than  itfelf.  When  I forced  one  of  thefe 
animals  into  the  apartment  where  I kept  the 
eagle,  it  immediately  ruffled  the  feathers  on 
the  head  and  neck,  call  a dreadful  look  at  the 
dog,  and  taking  a fhort  flight,  immediately 
alighted  on  his  back.  It  held  the  neck  firm 
with  one  foot,  by  which  the  dog  was  pre- 
vented from  turning  his  head  to  bite  ; and 
with  the  other  grafped  one  of  the  flanks,  at 
the  fame  time  driving  the  talons  into  the 
body  ; and  in  this  attitude  it  continued,  till 
the  dog  expired,  in  the  midfl:  of  fruitlefs 
outcries  and  efforts.  The  beak  had  been 
hitherto  unemployed,  but  it  was  now  ufed  for 
making  a fmall  hole  in  the  fkin,  which  was 
gradually  enlarged  ; from  this  the  bird  be- 
gan to  tear  away  and  devour  the  flefli,  and 
went  on  till  it  was  fatisfied.  I mull  not 
omit  obferving,  that  it  never  ate  any  fkin,  or 
interine,  or  bone,  except  very  fmall  ones, 
fuch  as  the  ribs  of  cats  and  fmall  dogs, 
Kotwithflanding  this  ferocity,  and  violent 
impetuoflty  in  attacking  animals,  it  never 
gave  any  moleflation  to  man.  I,  who  was 
the  feeder,  could  fafely  enter  the  apartment 
where  the  bird  was  kept,  without  any  means 
of  confining  its  movements,  and  beheld  thefe 
aflaults  without  dread  or  apprehenfion  : nor 
was  the  eagle  at  all  hindered  from  attacking 
the  living  prey  I offered  it,  or  rendered  fhy 
by  my  prefence.  As  it  was  not  always  in  my 

M 4 power. 


372 


DISSERTATION  IV. 


power,  or  at  leaft  in  my  will,  to  give  it  liv- 
ing food  (for  I had  not  always  dogs  and  cats 
at  hand;  and  gallinaceous  fowls,  which  are 
equally  acceptable,  were  too  expenfive)  I fub- 
ftituted  fleih  which,  though  it  was  not  fo  well 
relifhed,  was  not  difagreeable.  In  general, 
when  it  had  fleih  at  will,  it  only  made  one  meal 
a day.  I found,  by  weighing  what  it  ate, 
that  thirty  ounces  of  fleih  ferved  it  one  day 
with  one  another.  This  fpecies  of  eagle  is 
provided  with  a very  large  craw,  which  of 
courfe  is  the  firft  receptacle  of  the  food  ; and 
when  it  was  at  liberty  to  eat  its  fill,  this  vif- 
cus  was  generally  diftended  to  a larger  fize 
than  that  of  a turkey-cock  full  of  grain.  It 
gradually  contracts  in  proportion  as  the  fleih 
pafies  into  the  ftomach,  juft  as  it  happens  in 
gallinaceous  fowls. 

CI/XX.  Some  of  the  firft  times  I obferved 
my  eagle  eat,  I was  ftruck  by  a phenome- 
non, which  conftantly  recurred  whenever  it 
took  food.  After  it  had  fwallowed  a few 
mouthfuls,  a thin  ftream  began  to  flow  from 
each  noftril,  and  to  run  down  the  upper  fide 
of  the  beak  ; at  the  end  they  joined,  and 
formed  a large  drop,  which  fometimes  fell 
on  the  ground,  but  generally  palled  into  the 
mouth,  and  was  mixed  with  the  food.  This 
drop  was  continually  renewed  by  freih  fup- 
plies  from  the  noftril s,  as  long  as  the  animal 
continued  to  feed,  and  after  that  it  ceafed  to 
appear.  This  liquor  was  of  a fky-blue  co- 
lour, had  a fait  tafte,  and  was  nearly  as  fluid 
as  water.  But  why  does  it  flow  only  while 
the  eagle  is  feeding  ? and  what  is  its  ufe  ? 
It  flows  at  that  particular  time  only,  I fup- 
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pofe,  becaufe  the  receptacle  in  which  it  is 
contained  is  then  only  comprefled  ; and  the 
prefliire  arifes  from  the  motion  of  the  mouth, 
or  the  impulfe  of  the  food  againft  the  pa- 
late, near  which  this  receptacle  lies.  Of  the 
ufe  of  this  fluid,  I candidly  own  my  total 
ignorance.  I iulpedf,  however,  that  as  it  is 
mixed  with  the  food,  it  ierves,  like  the  fa- 
liva,  to  moiften  it,  and  facilitate  digeftion. 

CLXXI.  It  is  commonly  thought,  and  the 
opinion  has  the  fandtion  of  the  belt  natura- 
lifts,  that  birds  of  prey,  and  especially  eagles, 
never  drink.  What  I have  obferved  is,  that 
the  fpecies  mentioned  in  the  prefen t diflerta- 
tion,  were  left  even  for  leverai  months  with- 
out water  ; they  did  not  feem  to  buffer  the 
fmalleft  inconvenience  from  the  want  of  it  ; 
but  when  they  were  fupplied  with  water, 
they  not  only  get  into  the  veflel,  and  fprinkle 
their  feathers  like  other  birds,  but  repeated- 
ly dip  their  beak,  then  raife  their  head,  in 
the  manner  of  common  fowls,  and  fwallow 
what  they  have  taken  up  ; hence  it  is  evident 
that  they  drink.  For  the  eagle  it  was  necef- 
fary  to  let  the  water  in  a large  veflel,  other- 
wile,  by  its  attempts  to  drink,  the  veflel  was 
fure  to  be  overturned. 

CLXXII.  To  colledt  into  one  point  of 
view  every  thing  relative  to  digeftion,  let  us 
examine  another  opinion,  more  immediately 
connedted  with  our  fubjedt.  It  is  faid  by 
feveral  celebrated  naturalifts  and  phyftolo- 
gifts,  that  the  eagle,  when  unable  to  pro- 
cure flelli,  will  feed  upon  bread.  To  alder- 
tain  this  point,  I made  various  experiments. 
I firft  fet  before  the  bird  both  flelli  and  wheat- 
cn  bread  ; and  finding  that  it  ran  towards  the 
6 flelli. 
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fiefh,  without  even  calling  a look  upon  the 
bread,  I fet  only  the  latter  before  it,  and  this 
after  a day’s  fair,  when  it  muft  have  been 
preffed  by  hunger  ; I did  not  however  attain 
the  end  I had  in  view,  and  therefore  kept  it 
falling  for  another  day,  but  hill  to  no  pur- 
pofe.  When  the  bread  was  fet  near  it,  it 
would  juft  look  at  it,  and  then  turn  its  eyes 
towards  fome  other  objedr.  When  I had 
prolonged  the  fall  to  the  fourth  day,  the 
bird  ran  towards  me,  as  I opened  the  door  of 
the  apartment,  but  with  no  other  view  than 
to  afk  for  food  ; I offered  it  a piece  of  bread, 
but  in  vain,  for,  without  even  touching  it, 
it  returned  to  the  place  where  it  flood  before 
my  coming  in.  I might  have  carried  the 
trial  hill  further,  but  was  afraid  of  the  ani- 
mal finking  under  it. 

CLXXIII.  I therefore  abandoned  this  mode 
of  experiment,  and  thought  it  would  be  bet- 
ter to  make  the  eagle  fwallow  fome  bread  ; 
for  it  would  either  be  always  thrown  up, 
and  then  it  would  be  reafonable  to  infer, 
that  this  was  an  unfuitable  kind  of  food  ; or 
in  cafe  it  fhould  neither  be  vomited,  nor 
voided  unaltered  along  with  the  excrements, 
and  the  animal  fhould  fliew  no  fymptoms  of 
uneafmefs,  we  muft  conclude  that  it  is  di- 
gefted  and  affimilated.  I concealed  the  bread 
in  fome  fiefh,  as  I had  done  in  my  experi- 
ments upon  the  falcon  (CLVTI),  and  had  re- 
courfe  to  the  fame  expedient,  whenever  I was 
defirous  that  my  eagle  fhould  take  tubes  or 
other  lubftances.  For  though  this  ferocious 
bird  was  exceedingly  gentle  towards  me,  who 
was  his  feeder,  yet  it  might  have  been  hazard- 
ous to  irritate  it  ; and  that  would  have  been 
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unavoidable,  if  I had  opened  the  beak,  and 
thruft  bread  down  the  throat  by  force.  The 
firft  portion  of  bread  which  the  eagle  fwal- 
lowed  concealed  by  flefh,  amounted  to  half 
an  ounce.  Indigestible  bodies,  fuch  as  fea- 
thers, ufed  to  be  thrown  up  eighteen,  twen- 
ty, or,  at  moft,  twenty-four  hours  after  they 
were  received  into  the  Stomach.  But  the 
bread  was  not  vomited  in  that  period,  or  a 
day  longer  ; nor  did  the  excrements  appear  to 
be  altered  or  mixed  with  bread.  I then  gave 
the  animal  a whole  ounce,  in  head  of  half  an 
ounce  of  bread,  none  of  which  was  vomited 
or  voided  unchanged  at  the  vent.  The  fame 
thing  took  place,  when  the  quantity  of  bread 
was  increafed  to  fix  ounces.  My  laid  expe- 
riment upon  bread,  was  to  Substitute  the 
cruft  inftead  of  the  crumb  ; but  the  refult 
was  juft  the  fame  ; and,  notwithstanding  the 
eagle  had  Shewn  fo  little  appetite  for  this 
kind  of  food,  its  health  did  not  appear  to 
Suffer.  And  I was  obliged  to  conclude,  that 
this  fpecies  of  vegetable  is  digefted,  and  con- 
verted into  real  nutriment,  as  well  as  animal 
matters.  I could  not  therefore  refufe  to  ac- 
cede to  the  opinion  of  thole,  who  affirm  that 
eagles,  when  much  prefted  by  hunger,  will 
feed  upon  bread,  though  mine  would  not 
touch  it. 

CLXXIV.  But  in  what  manner  is  bread 
digefted  in  the  ftomach  of  the  eagle  ? Is  it  by 
the  gaftric  juices  alone,  or  affifted  by  tritu- 
ration ? Is  any  fuch  adtion  exerted  by  it  ? 
In  Short,  what  is  the  immediate  caufe  of  di- 
geftion  ? Thele  questions  are  too  clolely 
connected  with  the  objedt  of  my  enquiry,  to 
be  paSTed  over  unnoticed.  To  begin  then 

with 
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with  the  firft.  Tubes  employed  in  my  ufual 
manner,  would  determine  the  mode  of  di- 
geftion.  And  in  the  p refen  t cafe,  I obferved 
what  I had  before  oblerved  in  fo  many  other 
animals,  that  trituration  had  no  part  in  this 
function,  and  that  it  was  the  foie  effect  of 
the  gaftric  juices.  While  the  eagle  retained 
the  tubes,  a fpace  that  never  ufed  to  exceed 
twenty-four  hours  (CLXXIIX),  the  bread 
which  they  contained  was  completely  dif- 
folved.  If  they  happened  to  remain  longer 
in  the  ftomach,  the  gaftric  fluid  had  cor- 
roded the  bread,  and  given  it  a yellowifh 
colour  and  a bitterifh  tafte.  Where  the  ac- 
tion of  that  fluid  had  been  chiefly  exerted, 
the  bread  was  changed  into  a gelatinous  pafte, 
which  had  nothing  of  its  original  tafte. 

CLXXV.  But  the  tubes  iliewed,  that  the 
gaftric  liquor  of  the  eagle  diftolves  not  only 
bread  but  cheefe,  at  leaft  that  fort  which  in 
Auftrian  Lombardy  goes  under  the  name  of 
formaggio  piacentino  or  io  Pigiano.  This  power, 
pofleffed  by  a bird  properly  carnivorous,  of  di- 
gefting  a fubftance  fo  different  from  flefh,  in- 
duced me  to  try  whether  it  is  capable  of  pro- 
ducing the  fame  effedt  on  other  matters,  and 
particularly  vegetables.  But  with  refpedt  to 
the  latter,  I did  not  find  that  the  efficacy  of 
the  gaftric  fluid  extended  any  further  than 
bread  ; for  leverai  feeds  of  the  cerealia,  both 
paw  and  boiled,  did  not  appear  to  undergo  any 
alteration  in  the  tubes,  or  when  loofe  in  the 
ftomach.  It  is  lbmewhat  furprifing,  that  this 
ihould  be  the  cafe  with  wheat,  when  wheaten 
bread  is  fo  perfectly  digefted.  We  fee  at 
leaft,  that  vegetables  muft  be  triturated  be- 
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fore  they  can  be  digefted  by  the  eagle,  as  well 
as  by  gallinaceous  fowls  (XLV). 

The  foregoing  experiments,  and  the  con- 
curring obfervations  of  others  (CLXXII), 
fhew,  that  fome  animals,  fuppofed  to  be 
ftridtly  carnivorous  becaufe  they  live  always 
upon  fletti,  and  are  provided  with  the  mod. 
formidable  weapons  for  feizing  and  deftroy- 
ing  their  prey,  may  yet,  under  certain  cir- 
cumftances,  change  their  difpofition  and 
manners,  and  become  frugivorous.  Thus 
we  read  of  animals  naturally  herbivorous,  as 
horfes,  fheep,  oxen,  gradually  quitting  their 
ufual  aliment,  and  learning  to  live  upon 
fletti  I too  can  produce  a recent  indance 
in  a young  wood-pigeon,  a fpecies  of  bird, 
which  is  univerfally  known  to  feed  upon  any 
thing  rather  than  fletti.  By  dint  of  hunger 
I brought  it  gradually  to  relitti  fletti  fo 
well,  that  it  refufed  every  other  kind  of  fuf-  - 
tenance,  even  grain,  of  which  it  is  naturally 
fo  greedy.  Such  changes,  whether  effected, 
by  deiign  or  accident,  will  not  excite  the 
final]  ett  degree  of  furprize  in  thofe  who 
know,  that  of  the  various  kinds  of  food 
ufed  by  man  and  animals,  the  gelatinous  part 
fupplies  the  nutriment,  and  that  this  exitts 
alike  in  vegetables  and  animals  (6).  The 
example  of  the  eagle  among  carnivorous, 
and  of  the  horfe,  ox,  pigeon  among  ffugi- 
vorous  animals,  do  not  however  warrant  us  to 
conclude,  that  the  former  can  be  univerfally 
converted  by  art  or  chance  into  the  latter, 
and  reciprocally  ; for,  011  the  other  hand,  we 

(a)  Haller.  Phyf.  T.  6-  (y)  lb.  T.  1. 
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have  Reaumur’s  kite  (CXVI)  and  my  owls 
and  falcon  (CLXVI,  CL  VI,  CLXIV),  which 
were  incapable  of  digeffing  vegetable  fub- 
ftances  ( a ) ; not  that  thefe  fubftances  are 
unfit  for  affording  them  nourifbment,  but 
becaufe  the  gaftric  liquor  is  incapable  of  de- 
compofing  them,  and  extracting  the  nutriti- 
ous jelly. 

CLXXVI.  With  refpeCt  to  the  fecond 
qtieftion,  whether  the  llomach  of  the  eagle 
triturates  its  contents  ? I think  I have  abun- 
dant proof,  that  it  pofleffes  no  fuch  power. 
Not  to  mention  the  numerous  tin  tubes  that 
remained  fo  long  in  it  without  receiving  the 
flighted:  injury,  I can  fafely  affirm,  that  I 

( a ) Mr.  Batigne,  in  his  critical  reflections  on  the  ex- 
periments of  Reaumur  pretends,  that  we  are  are  not  to 
conclude,  becaufe  vegetables  undergo  no  change  in  the 
ftomach  of  the  kite,  that  the  gaftric  liquor  has  no  aCtion 
upon  them.  He  fuppofes,  that  its  inefficacy  arofe  from 
the  vegetables  not  having  been  previoufly  mafticated. 
Premiere  Reflexion  furies  Experiences  de  AI.  de  Reaumur. 

But  in  mis  Mr.  Batigne  is  miftaken.  After  I had 
compleated  my  diftèrtations  on  digeftion,  I procured  a 
kite  of  the  fame  fpecies  as  that  of  Mr.  Reaumur,  and 
had  it  therefore  in  my  power  to  repeat  and  vary  his  expe- 
riments. I conftantly  found,  that  bread,  grain,  &c.  were 
thrown  up  unaltered,  both  when  enclofed  in  tubes  and 
loofe  in  the  ftomach,  though  they  had  been  previoufly 
well  mafticated.  This  fact  agrees  with  my  obfervation 
.on  the  falcon,  of  which  the  gaftric  liquor  could  not  digeft 
mafticated  crumb  of  bread.  I will  add,  that  an  owl,  fed 
with  chewed  bread  alone,  died  upon  the  fourth  day;  and 
upon  difleCtion,  the  bread  was  found  in  its  ftomach  un- 
digefted.  It  is  therefore  evident,  that  the  incapability  of 
the  gaftric  liquor  of  fome  animals  to  digeft  vegetables 
does  not  arife  from  the  want  of  previous  trituration  or 
maftication,  and  that  this  fluid  is  eflcntially  unfit  for  dif- 
folving  fuch  fubftances. 
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I could  never  perceive  the  fmalleft  contufion 
upon  the  grain  (which  I gave  the  bird  naked 
I in  order  to  try  whether  it  could  digeft  it) 
(CLXXV),  whether  raw  or  boiled;  in  which 
| cafe,  the  fmalleft  comprefiion  or impulfe  would 
have  left  evident  marks  upon  the  lurface. 
Thefe  fads  are  Confirmed  by  the  following 
I obfervation  : I took  fome  ft  rips,  about  a line 
in  breadth  and  three  inches  in  length,  of  ex- 
I ceedingly  thin  fheet  lead,  and  rolling  them 
up  in  the  form  of  a fpiral,  introduced  them 
I in  fonie  pieces  of  flefti  into  the  ftomach  of 
the  eagle,  in  which  they  continued  eighteen 
| hours.  The  leaft  force  would  have  fufficed 
I to  have  deftroyed  the  fhape  of  thefe  ftrips, 
I and  being  totally  inelaftic,  they  would  pre- 
I ferve  whatever  alteration  or  diftortion  they 
I might  receive  from  preflure  or  percuffion. 

However,  when  thrown  up  they  retained 
I their  fpiral  form  ; a clear  proof  that  they  had 
! not  been  fubjeded  to  violence  of  any  kind. 

Let  it  not  however  be  fuppofed,  that  I 
mean  to  exclude  motion  entirely  from  the. 
ftomach  of  the  eagle.  Having  frequently 
found  foreign  fubftances  within  the  tubes, 
I and  fixed  in  the  perforations,  I could  not  but 
fuppofe,  that  they  had  been  driven  into  them 
by  fome  force,  and  this  force  could  be  no 
n other  than  the  agitation  of  the  ftomach, 
which  was  either  extrinfical,  and  produced  by 
the  adjacent  vifcera,  or  the  periftaltic  move- 
ment by  which  the  food  is  expelled  through 
the  pylorus.  I only  after t,  that  the  fto- 
n mach  of  the  eagle  has  no  addon  capable  of 
breaking  and  triturating  the  aliment,  as  I 
think  I have  abundantly  proved.  It  is  like— 
|i  wife  clearly  afcertained,  that  the  gaftric  fiuid 

is 
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is  the  efficient  caufe  of  digeftion  by  the  ex- 
periments made  with  bread  and  cheefe  en- 
clofed  in  tubes  (CLXXV)  ; but  this  will  be 
more  fatisfadtorily  (hewn  by  the  experiments 
relative  to  the  digefiion  of  animal  fubftances, 
which  I am  now  to  relate. 

CLXXVII.  The  lirib  thing  I wifhed  to 
know  was  what  changes  flefh  undergoes 
in  the  craw,  and  I had  therefore  to  contrive 
a method  of  getting  it  back  at  pleafure.  Had 
this  bird  been  of  the  fame  gentle  and  peace- 
ful difpofition  as  gallinaceous’  fowls,  this 
would  eafily  have  been  effected;  for  I fhould 
have  had  only  to  prefs  the  portion  of  flefh 
that  lay  higheft  in  the  craw  upwards  with 
my  thumb  and  fore-finger,  and  by  a con- 
tinuance of  this  manoeuvre  fhould  have 
brought:  it  out  at  the  month.  By  this  Am- 
ple contrivance  I have  often  examined  grain 
from  the  craw  of  fowls,  pigeons,  and  fuch 
birds  5 but  the  ftrength  and  ferocioufnefs  of 
the  eagle  altered  the  cafe  totally.  After 
much  reflection,  I thought  of  an  artifice  eflen- 
tially  the  fame  as  that  adopted  for  gallinace- 
ous birds.  I gave  my  eagle  only  three  or 
four  pieces  of  flefh,  of  which  the  laft  was 
tied  in  the  fliape  of  a crofs  with  a fine  pack- 
thread three  or  four  feet  long.  The  eagle, 
preffed  by  hunger,  devoured  the  flefh  greedi- 
ly without  regarding  the  firing,  of  which 
the  greater  part  hung  out  of  the  mouth  ; nor 
did  the  bird  make  any  efforts  to  fwallow  or 
throw  it  up.  When  I thought  it  time  to 
examine  the  piece  of  flefh  I pulled  the  firing 
forcibly,  and  the  eagle,  without  growing  en- 
raged, opened  its  beak  and  allowed  me  more 
room  fof  recovering  the  firing,  and  by  con- 
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fequence  the  befh  that  was  fattened  to  it. 
Sometimes  I ufed  conliderable  force,  but  did 
not  fucceed,  probably  on  account  of  the  belli 
being  got  too  low  down  in  the  craw  ; in  this 
cafe,  to  free  the  eagle  from  the  inconvenience, 
I cut  the  firing  clofe  to  the  beak,  and  gave 
it  fonie  belli,  which  carried  down  the  pack- 
thread before  it  into  the  ttomach,  whence  it 
was  thrown  up  in  a fhort  time  ; but  I have 
more  frequently  fucceeded  in  drawing  up  the 
belli,  and  thus  obtained  an  opportunity  of 
examining  it  at  leifure.  I never  could  find, 
that  the  craw  or  its  juices  are  capable  of  di- 
geftion.  Its  weight  was  nearly  the  fame  af- 
ter it  was  drawn  up  as  before  it  was  fwallow- 
ed,  nor  did  it  feem  as  if  it  was  upon  the  point 
of  being  digelted  ; the  furface  was  only  a 
little  tenderer,  and  had  loft  its  rednefs  ; it 
was  imbibed  with  a-buid  that  was  neither  fait 
nor  bitter,  but  quite  inlipid.  Flelh  therefore 
is  not  digefted,  it  is  only  macerated  in  the  craw' 
of  the  eagle,  as  grain  and  grafs  in  the  craw 
of  gallinaceous  fowls. 

CLXXVIII.  We  muft  therefore  conclude, 
that  the  whole  procefs  of  digeftion  begins 
and  ends  in  the  ftomach.  If  then  it  was  of 
confequence  to  know  what  happens  to  belli 
in  the  craw,  it  is  of  much  greater  impor- 
tance to  obferve  how  it  is  altered  in  the  tto- 
mach. But  as  the  expedient  to  get  the  belli 
back,  mentioned  in  the  lab:  paragraph,  would 
not  be  of  any  fervice,  I contrived  ano- 
ther, which  anfwered  wonderfully  well.  I 
enclofed  the  belli  I gave  my  eagle  in  little 
nets  with  fmall  melhes,  which  were  gene- 
rally vomited  empty;  but  in  fome  there  were 
confiderable  remains  of  belli.  The  pieces  I 
Vol.  I.  N . ufed 
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trfed  for  thefe  experiments  were  globular, 
and  the  remains  almoft  always  retained  that 
figure.  They  were  thoroughly  impregnated 
with  gadric  liquor,  and  had  both  a bitter 
and  fait  tade,  The  furface  was  gelatinous* 
when  this  was  removed,  the  fibres-  were  eafily 
didinguifhable,  but  were  as  tender  as  if  they 
had  been  boiled,  and  the  colour  was  changed 
to  a reddifii  blue.  When  this  dratum  of 
tender  fibres  was  taken  off  withafliarp  knife, 
that  below  was  firmer  and  lefs  difcoloured, 
and  at  the  center  the  flefh  did  not  appear  to- 
have  undergone  any  change  either  in  its  con- 
fidence or  colour.  It  is  needlefs  to  obferve 
that  thefe  experiments  prove,  that  the  gadric 
fluid  diflolves  flefh.  The  permanency  of  the 
globular  form  clearly  fhews,.  that  trituration 
does  not  take  place,  but  the  whole  effeft,  to- 
repeat  it  once  more,  is  produced  by  the  gaf- 
tric liquor,  which  adds  upon  the  furface,  and 
didblves  one  dratum  after  another  till  the 
whole  is  confumed,  as  we  have  feen  the  fame 
liquor  of  other  animals  aft  as  well  upon  flefh 
as  other  fubdances  (LXV,  Cl). 

CLXXIX.  This  lad  experiment  rendered 
it  fuperfluous  to  try,  whether  the  gadric  fluid 
of  the  eagle  will  diffolve  flefh  enclofed  in 
tubes.  Taking  this  for  granted,  I proceed- 
ed to  enquire,  whether  digedion  would  be  re- 
tarded in  proportion  to  the  toughnefs  of  the  ; 
flefh  with  which  they  were  filled.  With  ! 
this  view  fome  of  the  liver,  of  the  mufcular 
flefh  of  the  thigh  and  heart,  a bit  of  the 
brain,  and  a piece  of  tendon  were  enclofed 
in  fo  many  didinft  tubes.  They  continued  j 
thirteen  hours  in  the  domach,  and  the  gaf- 
tric fluid  afted  upon  them  jud  as  I had  ima- 
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:gined  it  would.  The  tube  containing  the 
piece  of  brain  was  quite  empty;  of  the  liver 
only  a very  fmall  part  remained;  the  refiduum 
of  the  mufcular  flefh  of  the  thigh  was  more 
considerable;  that  of  the  heart  was  Itili 
greater  ; but  of  the  tendon  there  remained 
moft  of  all.  Thefe  remains  of  flefh  and  ten- 
don had  the  fame  appearances  as  I had 
obferved  in  the  balls  of  flefh  that  were  in- 
troduced into  the  ftomach  without  tubes. 
The  gelatinous  matter  on  the  furface,  the 
tendernefs  of  the  fibres  lying  immediately 
below,  and  the  confidence  of  thofe  at  the 
center  clearly  fhewed,  that  the  gaftric  juices 
had  adted  upon  the  flefh  enclofed  in  tubes 
juft  as  upon  what  was  left  loofe  in  the  fto- 
mach (CLXXVIII). 

CLX.XX.  My  next  wifh  was  to  know  whe- 
ther its  activity  would  be  impaired  or  defiroy* 
ed  by  paffing  through  linen  before  it  gotto  the 
flefh.  With  this  view,  two  pieces  of  thè 
fame  tendon  and  heart,  equal  in  fize  to  thofe 
employed  in  the  foregoing  experiment,  were 
put  into  two  linen  bags,  and  given  to  the 
eagle  ; in  eighteen  hours  they  were  thrown 
up.  At  firfi:  the  fides  of  the  bags  were  dif- 
tended  by  their  contents*  but  now  that  which 
contained  the  flefh  was  a good  deal  coll ap fed; 
for  half  of  it  was  diflolved:  the  other  had 
more  of  its  original  diftenfion;  for  not  above 
one  - third  of  the  tendon  was  confumed. 
Upon  comparing  together  the  diminution  of 
the  fubftances  in  the  bags  and  in  the  tubes 
(CLXXIX),  I found,  that  in  the  former  cafe 
it  was  lefs,  notwithftanding  the  bags  con- 
tinued eighteen  hours,  and  the  tubes  only 
thirteen.  It  is  therefore  evident,  that  the 
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linen  is  a greater  obstacle  to  the  adtion  of  the 
gaftric  liquor  than  the  tubes. 

CLXXXI.  From  my  experiments  upon 
crows  (LXVII)  it  was  obvious  to  conjec- 
ture, that  as  more  folds  of  linen  were  wrap- 
ped round  the  animal  fubftances,  the  adtion  of 
the  gaftric  liquor  would  be  Itili  lefs  consi- 
derable. I therefore  gave  the  eagle  fix  bags, 
containing  each  an  equal  portion  of  beef; 
the  firft  was  Single,  the  fecond  double,  and 
fo  on.  The  bird  retained  them  twenty- three 
hours,  when  they  were  all  vomited  at  once, 
as  ufually  happened  to  tubes  and  other  indi- 
gestible matters,  which  when  finali  are 
thrown  up  all  at  once,  and  when  large  one 
immediately  after  another.  The  two  firft 
bags  were  empty,  and  the  remainder  of  fieSh 
in  the  four  others  were  larger  as  the  folds 
were  more  numerous,  fo  that  in  the  fixth  it 
was  the  largeftof  all.  It  had  however  under- 
gone fome  diminution,  and  the  gaftric  fluid 
had  therefore  begun  to  diftolve  it,  notwith- 
standing the  fix  folds,  as  appeared  from  its 
being  impregnated  with  it,  and  from  the 
tendernefs  of  the  fibres,  and  the  change  of 
colour  on  the  Surface.  My  next  with  was  to 
try  whether  the  juices  of  the  Stomach  were 
capable  of  penetrating  through  a denfer  Sub- 
itanee ; I therefore  Substituted  cloth  in  the 
Stead  of  linen,  and  having  put  Sixty-eight 
grains  of  beef  in  the  bag,  tied  Some  pack- 
thread very  tight  round  the  neck.  In  four- 
teen hours  it  was  vomited,  and  being  appa- 
rently of  the  Same  Size  as  at  firft,  it  was  re- 
turned immediately  into  the  Stomach,  where 
it  continued  twenty-two  hours  longer.  I 
now  found  that  the  cloth,  notwithstanding 
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its  clofe  texture  and  great  thicknefs  which 
amounted  to  four-fifths  of  a line,  was  tho- 
roughly penetrated-  by  the  gaftric  liquor.  The 
flelh  was  alfo  moift  with  it,  and  appeared, 
upon  being  weighed,  to  have  loft  twenty- 
jfeven  grains.  Twenty-feven  grains  had  then 
been  diffolved,  and  as  no  veftige  of  them 
was  to  be  feen  in  the  infide  of  the  bag,  it 
was  evident  that  they  muft  have  palled  out 
through  the  pores  of  the  cloth,  and  confe- 
quently  that  the  gaftric  fluid  is  capable  of 
reducing  flelh  to  particles  of  the  utmoft  te- 
nuity. 

CLXXXII.  I have  before  obferved,  that 
the  eagle  devours  the  fmaller  bones  of  dogs 
and  cats  along  with  the  flelh  (CLIX).  When 
I gave  that  in  my  pofteffion  a bird,  it  would 
alfo  fwallow  all  the  bones,  except  thofe  of 
the  extremities  ; and  as  they  were  not  thrown 
up,  there  was  good  reafon  for  believing  that 
they  were  digefted,  a circumftance  that  ex- 
actly agrees  with  my  obfervations  on  falcons 
and  various  other  birds  (XCVIII,  CXLVII, 
CLIV,  CLVIII).  But  greater  certainty  was 
defireable,  and  this  I endeavoured  to  attain  in 
the  following  manner  : two  pieces  of  the  rib 
of  a finali  dog,  each  about  two  inches  long, 
were  tied  together,  and  two  thigh  bones  of 
a cock  ; this  packet  was  retained  twenty- 
three  hours;  but  the  bones  were  very  much 
altered  during  that  time.  The  two  pieces  of 
rib  were  reduced  to  the  thinnefs  of  a mem- 
brane ; the  leali:  violence  was  fufficient  to 
break  them  ; they  were  totally  inelaftic,  and 
had  loft  all  their  marrow.  The  two  thigh 
bones  now  refemblcd  tubes  of  parchment; 
they  were  eafily  comprelfible,  and  when  left 
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to  themfelves  recovered  their  lhape,  and  af- 
ter being  bent  they  would  become  ftrait 
again.  Upon  one  of  the  tibiae  thus  wafted 
and  altered  there  was  a very  lingular  appear- 
ance; about  one-fifth  was  ftill  ofieous,  but 
tender,  yielding  to  the  touch,  and  much  at- 
tenuated. It  is  therefore  apparent,  that  the 
juices  of  the  ftomach  are  capable  of  diflolving 
bone,  and  that  in  afhort  fpaCe.  ' I was  unwil- 
ling to  throw  afide  thefe  bones  thus  reduced 
aimoft  to  nothing,  and  therefore  tying  them 
up  in  a bundle  I gave  them  again  to  the 
eagle,  in  order  to  fee  whether  they  would  be 
entirely  dilfolved,  or,  like  a caput  mortuum, 
retain  their  membranous  appearance;  but 
being  apprehenfive  that  this  could  not  be  fo 
well  afcertained  if  they  were  naked  in  the 
ftomach,  I enclofed  them  in  a tube.  It  was 
retained  thirteen  hours,  and  upon  examina- 
tion was  entirely  empty  ; it  was  therefore, 
reafonable  to  infer,  that  the  gaftric  fluid  had 
now  completed  the  folution. 

CLXXXIII.  The  readinefs  with  which 
thefe  bones,  of  a texture  by  no  means  ten- 
der, were  digefted,  led  me  to  fuppofe,  that 
the  hardeft  would  not  refill:  the  addon  of  the 
gaftric  liquor.  To  determine  this,  I began 
by  giving  the  eagle  a fphere  of  bone  worked 
at  the  lathe  out  of  an  ox’s  thigh  bone,  of  the 
fame  diameter  as  that  which  had  been  ufed 
for  the  falcon,  and  taken  from  the  fame  in- 
dividual (CLIX).  Upon  thatoccafion  I ob- 
ferved,  that  the  falcon  did  not  diflolve  it 
during  the  long  fpace  of  thirty-five  days  and 
feven  "hours.  In  the  prefent  cafe  it  was  every 
day  vomited,  and  immediately  returned,  and 
in  twenty-five  days  and  nine  hours  it  was 
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completely  digefted.  The  eagle  is  then  ca- 
pable not  only  of  digefting  the  hardeft  bones, 
but  of  digefting  them  in  a fhorter  fpace  than 
fome  other  birds  of  prey.  In  the  account  of 
my  experiments  on  the  falcon  I remarked. 
two  things,  firft,  that  its  diameter  decreafed 
without  any  change  of  fhape;  fecondly,  that 
the  texture  was  not  foftened  during  the 
whole  time  (CLIX).  The  firft  phenome- 
non occured  on  this  occafion,  the  fphere 
not  only  maintained  its  figure,  but  continued 
as  fmooth  as  when  it  came  from  the  lathe. 
But  with  refpedt  to  the  fecond  circumftance, 
there  was  a wide  difference;  for  notwith- 
ftanding  the  hardnefs  of  the  bone,  the  fur- 
face  was  fo  foft  every  time  it  was  thrown  up, 
that  it  was  eafy  to  pare  off  flices  with  a knife, 
which  were  as  pliant  as  cartilage..  The  gaf- 
tric  fluid  then  of  the  eagle,  befides  diftolving 
the  fuperficial  idrata,  penetrated  into  the  fub- 
ftance  of  the  bone  and  foftened  it  ; an  effedt 
which  that  of  the  falcon  is  incapable  of  pro- 
ducing. Penetrating,  however,  as  it'  is,  it 
has  no  adtion  on  the  enamel  of  the  teeth,  any 
more  than  that  of  the  falcon  (CLXI). 

CLXXXIV,  We  have  Seen  how  much 
more  fpeedily  the  gaftric  fluid  of  the  eaglq 
digefts  bone  than  that  of  the  falcon;  tire 
fame  obfervation  may  alfo  be  extended  to 
flefti.  The  former  bird  required  thirty  ounces 
a day  (CLXIX),  the  latter  was  fatisfied  with 
twelve,  and  fometimes  with  ten.  The  gaf- 
tric liquor  of  the  one  then  diffblves,  in  an 
equal  (pace  of  time,  three  times  as  much  as 
that  ox  the  other,  and  consequently  the  ra- 
pidity of  digeftion  in  one  is  triple  of  that  in 
the  other.  I flrould  however,  upon  mature 
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reflection,  be  inclined  to  confider  this  greater- 
rapidity  as  apparent,  rather  than  real.  The 
eagle  indeed  digefts  three  times  as  much  flelh 
as  the  falcon  in  the  fame  time,  but  then  the 
gaflxic  juice  of  the  former  is  far  more  copious 
than  that  of  the  latter  ; and  if  we  fuppofe  it  to 
be  three  times  as  much,  a fuppofition  very 
admiffible,  as  we  fhall  foon  fee,  every  third 
part  will  dilfolve  a quantity  of  flelh  equal  to 
that  dilfolved  by  the  whole  gaflxic  fluid  of 
the  falcon.  The  fame  remark  is  applicable 
to  other  animals.  With  how  finali  a quan- 
tity of  flelh  is  the  little  owl  fatisfied  in  com- 
parifon  with  the  eagle,  and  confequently 
now  inconliderable  is  the  folution  effected  by 
the  gaflxic  liquor;  but  then  how  trifling 
does  the  quantity  of  that  liquor  appear  when 
we  confider  that  of  the  eagle  ! The  fame  re- 
flection will  recur  when  we  compare  a lamb 
with  an  ox,  or  a hare  with  a horfe.  But  with 
refpeCt  to  the  cafe  in  question,  I could  not 
devife  any  more  effectual  means  of  determin- 
ing whether  the  greater  effect  produced  by 
the  juices  of  the  eagle  arofe  from  the  greater 
abundance  folely,  or  in  part  alfo  from  its  fu- 

Eerior'  efficacy,  than  to  give  each  of  thefe 
irds  a final!  quantity  of  flefli  at  the  fame 
time,  and  obferve  what  would  be  the  event. 
It  would  either  be  digefled  by  one  as  foon  as 
by  the  other,  and  then  the  fame  efficacy  mu  ft 
be  afcribed  to  both  ; or  elfe  the  eagle  would 
digeft  it  more  fpeedily  than  the  falcon,  in 
which  cafe  the  finali  quantity  of  flefli  would 
not  allow  us  to  fuppole,  that  the  fluid  of  the 
falcon  could  not  fo  foon  dilfolve' it  on  ac- 
count of  its  being  in  fmaller  quantity,  and 
we  muli  therefore  conclude,  that  it  is  lefs 
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papable  of  digefting  flefh  than  that  of  the 
eagle.  This  experiment  I have  often  re- 
peated, not  only  upon  the  falcon  and  eagle, 
but  upon  the  two  lpecies  of  owls  alfo,  and 
crows,  and  the  refult  has  been,  that  forne- 
times  one  and  fometimes  another  of  thefe 
birds  has  digested  the  fmall  portion  of  flefh 
fooneft;  nor  did  the  eagle  at  all  diftinguifh 
itfelf  above  the  reft.  As  the  difference  of 
time  was  very  inconfiderable,  it  may  be  over- 
looked, and  we  may  fafely  fuppofe,  that  the 
digeftive  power  of  the  gaftric  fluid  is  nearly 
equal  in  thefe  feveral  fpecies,  and  confequently 
that  the  eagle  has  no  pre-eminence  above  the 
reft.  It  may  however  be  objected,  that  with 
refpedt  to  bone,  at  leaft,  the  prerogative  of 
digeftion  belongs  to  the  eagle  in  preference 
to  the  falcon,  which  takes  above  thirty-five 
days  to  diflolve  the  fame  fphere  which  the 
eagle  diflolves  in  lefs  than  twenty-fix  (CLIX, 
CLXXXIII).  I can  adopt  this  opinion 
without  much  relucftance,  lìnee  there  is  no 
inconfiftency  in  fuppofing,  that  two  menftrua 
may  agree  in  the  effects  they  produce  upon 
one  body,  but  differ  with  refpedt  to  another; 
nay,  this  idea  is  confirmed  by  the  facility 
with  which  the  gaftric  fluid  of  the  eagle  pe- 
netrates into  and  foftens  bone,  a quality  which 
that  of  the  falcon  does  not  poftefs  in  the 
fmalleft  degree  (CLXXXIII,  CLIX). 

CLXXXV.  Let  us  now  proceed  to  fhew 
the  great  abundance  of  gaftric  fluid  in  the 
eagle  in  comparifon  with  fmaller  birds,  fuch 
as  the  falcon,  the  owl,  &c.  To  procure  this 
fluid  I was  not  obliged,  as  in  other  animals 
(LXXXI),  to  ufe  fmall  fpunges.  The  eagle 
lupplied  me  fpontaneoully.  Very  foon  after 
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it  was  in  my  pofleflion  I was  aware,  that  along 
with  the  tubes  a quantity  of  gaftric  fluid  was 
thrown  up,  fo  that  the  floor  was  often  quite 
wet  with  it.  It  was  eafy  to  devife  a method 
of  catching  it  before  it  fell  on  the  ground  5 
for  the  eagle  rarely  moved  from  the  place 
where  it  took  food,  and  therefore  generally 
vomited  the  tubes  on  the  fame  fpot.  Upon 
this  I fet  a large  glafs  veflfel,  and  thus  was 
enabled  to  colled:  a large  quantity  of  liquor, 
which  generally  exceeded  three-fourths  of 
an  ounce  a day  on  thofe  days  when  the  vo- 
miting took  place,  a quantity  which  I could 
pot  even  hope  to  procure  from  all  the  above- 
mentioned  birds  of  prey  taken  together, 
What  I obtained  in  this  manner  was  extreme- 
ly well  fuited  to  my  purpofe,  not  being  a- 
dulterated  with  heterogeneous  matters  ; for 
it  was  always  thrown  up  when  the  ftomach 
was  empty,  as  I knew  by  the  avidity  which 
the  animal  fhewed  for  frelh  food  at  this  time. 
Its  fmell,  which  I cannot  deferibe,  is  not 
difagreeable,  but  very  much  refembles  that 
emitted  by  the  gafiric  liquor  of  other  birds 
of  prey.  If  we  except  the  colour,  which  in 
the. others  is  yellow,  but  in  the  eagle  cineri- 
tious,  it  exhibited  the  fame  qualities,  whe- 
ther we  confider  the  bitter  and  flilt  tafte,  the 
turbid  appearance,  which  is  almofl:  infepara- 
ble  from  the  one  as  well  as  the  other,  its 
fluidity,  which  nearly  approaches  that  of  wa- 
ter, its  difpofition  to  evaporate,  or  the  total 
want  of  inflammability. 

CLXXXVI.  The  gaftric  juice  of  the 
eagle,  as  well  as  that  of  other  animals,  is  ca- 
pable of  digefting  animal  and  vegetable  mat- 
ters out  of  the  body.  It  has  even  produced 
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an  incipient  folution  of  bone,  and  an  almoft 
complete  one  of  cartilage;  but  the  experi- 
ments were  made  in  a confiderable  heat;  for 
Otherwife  little  or  no  folution  took  place,  and 
the  gaftric  juices  of  the  eagle  now  only 
prevented  thefe  fubftances  from  becoming 
putrid. 

Upon  this  fluid  I made  two  experiments, 
to  which  I had  not  fubjedled  that  of  other 
animals.  On  a very  cold  day  in  winter  I ex- 
pofed  a finali  quantity  in  a glafs,  on  a win- 
dow, along  with  two  other  glafles  contain- 
ing water,  in  one  of  which  was  diflolved  a 
quantity  of  common  fait  fuflicient  to  give  it 
a ftronger  tafte  than  the  gaftric  fluid  had. 
The  thermometer  fet  befide  the  glafles  ftood 
at  5 deg.  below  o (a).  Of  the  three  liquors 
the  firft  that  was  frozen  was  the  common 
water,  the  next  was  the  fait  water,  and  the 
laft  was  the  gaftric  fluid.  When  I carried 
them  in^o  my  apartment,  where  the  tempe- 
rature was  three  and  an  half  deg.  above  o, 
the  firft  that  thawed  was  the  gaftric  fluid, 
next  the  brine,  and  laftl  y the  water.  It  mult 
therefore  be  fuppofed,  that  this  gaftric  juice 
is  capable  of  refitting  cold  more  than  com- 
mon water.  As  this  cannot  be  attributed  to 
its  faline  principle  alone  (otherwife  it  would 
have  been  fooner  frozen  than  the  brine),  it 
is  neceftary  to  admit  fonie  other  principle  ca- 
pable of  retarding  congelation,  whether  fpi- 
rituous  or  oily,  or  of  whatever  other  nature; 
and  the  clofe  analogy  fubflfting  between  the 
gaftric  liquor  of  the  eagle  and  other  animals 
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renders  it  highly  probable,  that  a like  princi- 
ple exifts  alfo  in  them. 

My  fecond  experiment  was  the  following; 
having  learned  from  Mr.  Levret  ( a ),  that 
the  juices  of  the  ftornach  have  the  power 
of  djflolving  the  inflammatory  cruft  of  the 
blood,  I procured  fome  of  it  from  a pleuritic 
patient,  and  immerfed  it  in  a phial  of  the 
gaftric  fluid  of  the  eagle.  The  event  com- 
pletely anfwered  my  expectation  ; for  in  two  : 
days  and  a half,  in  a temperature  of  15  deg. 
the  cruft  was  entirely  difiolved,  and  convert- 
ed into  a liquid  of  a dark  hue  : this  can  oc- 
cafion  no  furprize  ; for  if  the  gaftric  fluid 
can  diflolve  animal  fubftances  of  a far  harder  j 
texture,  fuch  as  mufcle,  cartilage,  bone,  out  ! 
of  the  body,  it  will  much  more  eafily  pro-  ! 
duce  the  fame  effeCt  upon  the  inflammatory 
cruft  of  the  blood. 

CLXXXVII.  Here  the  death  of  the  eagle, 
which  happened  fomewhat  more  than  five 
months  after  it  had  been  in  my  pofleftion, 
put  a flop  to  my  experiments.  1 however 
refolved  to  examine  the  parts  that  are  fituated 
internally,  the  only  enquiry  relative  to  di-  1. 
geftion  that  could  now  be  made.  During 
die  difteClion  I found,  that  this  individuali 
was  a female  j for  there  were  many  eggs, , 
fome  fmaller  and  fome  bigger,  attached  to 
the  ovaria.  It  was  confequently  much  larger 
and  ftronger  than  the  male  of  the  fame  fpe- 
cies;  for  it  is  a conftant  obfervation,  that  the. 
male  in  birds  of  prey  is  about  a third  fmaller 
and  weaker  than  the  female  ; whereas,  in 

(a)  Art  d’Aceoucher. 
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other  claffes,  the  male  exceeds  the  female  in 
both  thefe  refpedts  (a).  The  inteftinal  canal 
was  full  of  the  ufual  folds  and  convolutions; 
when  ftretched  out  at  full  length,  it  was 
about  fifty-nine  inches  long  from  the  begin- 
ning of  the  duodenum  to  the  end  of  the 
redum.  There  is  a double  pancreas,  and 
each  portion  is  perfectly  diftindt  and  feparate; 
but  the  fame  obfervation  has  been  made  upon 
other  animals.  Both  thefe  glands  are  of  a 
hluifh  fiefh-colour,  of  an  oblong  fhape,  and 
fmaller  towards  the  end.  There  is  a differ- 
ence in  the  fize,  one  being  an  inch  and  an 
half  in  length,  whereas  the  other  is  only 
an  inch  and  three  lines.  They  lie  parallel, 
are  fituated  about  five  inches  from  the  pylo- 
rus, and  ftretched  along  befide  the  duode- 
num, one  on  each  fide,  and  are  attached  by 
cellular  fubftance.  At  about  fix  inches  dif- 
tance  from  the  pylorus  an  apparent  cord, 
tinged  internally  with  a dark  azure-colour, 
ies  upon  the  duodenum.  If  we  trace  it 
backwards,  we  find  it  gradually  enlarged, 
and  at  laft  infertedin  the  gall-bladder,  which, 
in  fhape  and  fize,  refembles  a wood-pigeon’s 
egg.  From  what  has  been  before  obferved 
'LXXXIV,  CXV),  it  is  eafy  to  guefs  the  ufe 
of  this  cord  ; it  is  the  dudt  through  which 
the  bile  paffes  from  the  bladder  into  the  duo- 
ienum.  If  the  gall-bladder  bepreffed  gently 
:he  cord  becomes  immediately  tinged  with  a 
deeper  azure,  and  the  liquor  runs  into  the 
duodenum  : if  we  open  that  gut,  the  upper 
aart  is  found  tinged  with  a greenifh  azure 

(a)  Buffon.  1.  c.  T.  i. 
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bile.  Upon  wiping  it  away,  the  entrance  of 
the  dudt  becomes  vifible,  and  frefh  bile  runs 
into  the  duodenum  when  the  prefture  is  re- 
viewed. The  gall-bladder  lies  towards  the 
right  lobe  of  the  liver,  but  is  not  covered  by 
it.  The  bile  is  rather  denfe,  and  has  a ftrong 
bitter  tafte; 

CLXXXVIII.  Whell  I infpedted  thefto- 
mach  I was  aftonifhed  at  its  fmall  fize,  when 
compared  with  the  crop.  The  latter  cavity  ! 
is  capable  of  containing  thirty-eight  ounces 
of  water,  whereas  the  ftomach  can  fcarce 
hold  three.  We  muft  therefore  fuppofe, . 
that  the  great  quantity  of  flefh  devoured  by 
this  voracious  bird  pafles  flowly  from  the 
craw  to  the  ftomach.,  in  proportion  as  it  is 
digefted  and  expelled  into  the  inteftines.  i 
Hence  it  is  eafy  to  comprehend  how  a fingle 
meal  may  ferve  feveral  days  ; for  a large  prey 
will  be  equivalent  to  feveral  fmaller  ones;  I 
cannot  give  a better  idea  of  the  ftiape  of  the  I 
ftomach,  than  by  comparing  it  to  a-  man’s  leg  i 
and  foot.  At  the  point  of  the  toes  lies  the  ! 
pylorus,  the  foot  refembles  the  bottom  of 
the  ftomach,  and  the  leg  the  upper  part.  The  ! 
fteihy  fafcia  full  of  follicular  glands,  which 
in  other  birds,  whether  granivorous  or  car- 
nivorous, is  fituated  juft  above  the  ftomach.. 
in  the  eagle  is  contained  within  its  cavity, 
and  makes  up  the  fuperior  and  larger  half 
The  internal  coat  of  this  fafcia  is  fo  thin  anc 
delicate,  that  it  tears  upon  being  flightlj 
rubbed  with  a cloth.  We  come  next  to  the f 
nervous  coat  full  of  an  infinite  number  o:  ! 
pores,  out  of  which,  when  prefture  is  made  | 
ift'ues  a vifcid,  cineritious,  and  infipid  liquor  j 
Upon  removing  this  coat  thefe  pores  appea  ; 
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to  be  the  excretory  dufts  of  the  follicles,  of 
which  one  extremity  adheres  to  this,  and  the 
other  to  the  mufcular  coat;  next  the  lad; 
mentioned  lies  the  external  coat,  which  ap- 
pears to  be  membranous.  The  glands  are 
cylindrical,  a line  and  one-fourth  long;  they 
are  tied  together  by  a number  of  membran- 
ous filaments.  This  Short  defcription  (hews 
the  entire  refemblance  between  the  fafcia  of 
the  eagle  and  other  birds.  The  four  coats 
pafs  on  to  the  inferior  part  of  the  flomach, 
and  extend  to  the  pylorus.  The  mufcular 
coat  feemed  to  merit  a diflinft  examination. 
It  con  fills  of  two  llrata.  That  which  lies 
next  the  nervous  coat  is  formed  by  flefhy  faf- 
ciculi,  of  a lively  red  colour,  running  in  a 
longitudinal  direction.  The  other  is  of  a 
paler  red  colour,  and  the  fibres  interfeft  thofe 
of  the  other  coat  at  right  angles,  and  of 
courfe  run  tranfverfely.  Notwithstanding' 
their  nearnefs  they  are  perfectly  feparate  from 
each  other,  like  the  rings  of  certain  worms, 
particularly  of  the  earth-worm,  which  they 
moreover  referable  in  their  bluifh  flefh-co- 
lour.  Thefe  two  thin  firata  doubtlefs  caule 
the  various  motions  of  the  Stomach,  of  which 
the  efrefts  have  appeared  in  fome  of  the  ex- 
periments related  above.  This  coat  is  one- 
fourth  of  a line  in  thicknefs;  upon  the  faf- 
cia it  is  thinner,  and  I could  only  find  the 
tranlverfe  Stratum  ; whence  it  feems  probable, 
that  the  motion  of  the  flomach  chiefly  takes 
place  in  the  lower  part,  which  has  no,  at 
leali  no  apparent,  glands  ; but  as  a thin  trans- 
parent liquor  oozes  out  on  flight  preffure,  as- 
in  ihe  flomach  of  birds  belonging  to  the  fune 
clatfs  (XCIII,  CLI,  CLXVlI),  we  muff 
3 conclude. 
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conclude,  that  it  abounds  in  fmall  arteries/ 
which  perform  the  office  of  glands; 

CLXXXIX.  The  death  of  my  eagle  hap- 
pened a few  hours  after  it  had  taken  food, 
nor  could  I difcover  the  caufe.  Moft  of  the 
flefh  was  in  the  craw,  and  a little  only  had 
defcended  into  the  flomach.  It  lay  at  the 
bottom  near  the  pylorus,  but  ffiewed  no  ap- 
pearance of  being  digefted,  whether  on  ac- 
count of  the  morbid  condition  of  the  ani- 
mal, or  becaufe  it  had  but  juft  fallen  into 
the  ftomach.  It  was  foftened  by  the  gaflric 
juices,  that  tailed  very  bitter,  which,  as  well 
as  its  yellow  hue,  was  owing  to  the  regurgi- 
tation of  the  bile  into  the  ftomach,  and  thefe 
qualities  were  more  apparent  in  the  vicinity 
of  the  pylorus.  The  flefh  in  the  crop  was 
not  altered  in  confiflence  or  colour,  except 
that  which  lay  in  contadi  with  the  fides  ; this 
was  a little  difcoloured  and  fomewhat  ten- 
derer than  at  fini,  circumftances  that  ac- 
cord with  what  was  faid  at  the  clofe  of  the 
CLXXVIIth  paragraph. 

Upon  emptying,  inferting,  and  then  inflat- 
ing the  craw,  the  furface  was  covered  with  a 
multitude  of  fmall  drops,  which,  when  unit- 
ed by  fonie  flat  body  paffing  over  them,  form- 
ed a fluid  as  tranfparent  and  thin  as  water;  it 
feemed  to  have  a bitterifh  favour.  Upon  in- 
fpedting  the  places  whence  the  drops  arofe, 
they  feemed  fo  many  points,  which  the  mi- 
c role  ope  ffiewed  to  be  minute  pores.  Hence 
it  appeared,  that  every  part  of  the  crop  a- 
bounds  with  thefe  perforations,  which  I had 
no  hefitation  in  fuppofing  to  be  the  excre- 
tory dudls  of  a multitude  of  glands  lying  be- 
tween the  coats,  as  I had  alfo  found  in  the 
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craws  of  other  birds  (XLIX,  L,  CLXVII). 
In  fearch  of  them  I differed  away  the  inter- 
nal coat,  which,  in  thicknefs  and  ftrength, 
I refembles  the  nervous  coat  of  the  ftomach, 
of  which  perhaps  it  is  a continuation.  But 
neither  in  the  fubftance,  or  between  it  and 
I the  mufcular  coat,  did  I find  any  appearance 
like  glands.  All  that  I could  perceive,  when 
I I held  the  internal  coat  againft  the  light,  was 
the  pores  already  mentioned,  that  looked 
like  lucid  points.  Nor  did  the  mufcular  or 
the  external  coats,  which  laft  is  membranous, 
contain  any  glandular  body.  I was  there- 
fore obliged  to  conclude,  that  the  fluid  ooz- 
I ing  out  in  the  form  of  numberlefs  drops 
I upon  the  internal  furface  of  the  craw  is  ie- 
creted,  not  by  glands,  but  by  arteries  too 

Ì finali  to  be  confpicuous.  The  reft  of  the 
cefophagus  is  alfo  full  of  thefe  pores,  and  the 
lame  fluid  iflues  out  from  them;  no  finali 
part  of  which  muft  run  into  the  cavity  òf 
the  ftomach,  and  contribute  to  the  formation 
of  the  gaftric  menftruum,  which  is  com- 
pofed  of  this  and  the  proper  fluid  of  the  fto- 
I mach,  of  the  bile,  and  the  pancreatic  juice. 
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THE  SUBJECT  OF  DIGESTION  IN  ANIMALS 
WITH  MEMBRANOUS  STOMACHS  CON- 
CLUDED. THE  CAT.  THE  DOG.  MAN. 
WHETHER  DIGESTION  TAKES  PLACE 
AFTER  DEATH. 


CXC.  HPHE  great  difficulty  with  which 
cats  are  forced  to  fwallow  tubes, 
and  the  facility  with  which  they  vomit  them, 
hindered  me  from  making  experiments  upon 
this  irritable  animal  in  the  manner  I could 
have  wifhed.  Among,  however,  a vaft  number 
of  unfuccefsful  trials  I have  once  or  twice 
fucceeded,  and  thus  have  been  enabled  to  il- 
luflrate  one  chief  objedt  of  my  enquiries,  I 
mean  the  efficient  caufe  of  digeftion.  I have 
ufed  every  effort  to  oblige  this  animal  to 
fwallow  bread  and  flefh,  their  ordinary  food, 
enclofed  in  tubes,, and  in  two  individuals,  one 
an  adult,  and  the  other  a young  one,  have 
forced  them  into  the  ftomach..  Both  were 
killed,  one  after  having  retained  tubes  filled 
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with  flefh  nine,  and  the  other  with  bread  five 
hours.  The  former  were  found  near  the  py- 
lorus. The  outfide  was  wet  with  gaftric 
juice,  the  grating  at  the  ends  was  entire,  as 
alfo  were  the  tubes,  upon  which  there  did 
not  appear  any  bruife  or  other  injury.  Two 
of  the  tubes  were  empty,  the  third  contained 
a bit  of  the  fize  of  a lentil-feed  macerated  in 
the  gaftric  fluid.  The  center  preferved  the 
colour,  confidence,  and  tafte  of  flefh  ; the 
I lurface  was  changed  into  a greyifh  jelly  of  a 
I bitterifli  tafte. 

The  tubes  containing  bread  having  re- 
mained only  five  hours  in  the  ftomach,  were 

I not  empty.  It  had  been  chewed  before  it 
was  put  into  the  tubes,  by  which  it  was 
moulded  into  the  Ihape  of  cylinders  fix  lines 
and  three-fourths  long.  Thefe  cylinders 
were  not  completely  diflolved,  a portion  a- 
bout  four  lines  long  remaining  towards  the 
middle  of  the  tube,  which  was  externally 
gelatinous,  but  internally  retained  the  cha- 
racters of  bread.  This  experiment  then  fur- 
nifties  an  irrefragable  proof,  that  the  gaftric 
fluid,  as  well  in  the  cat  as  in  other  animals 

I with  membranous  and  intermediate  ftomachs, 
is  the  efficient  caufe  of  digeftion  indepen- 
dently of  any  triturating  power. 

CXCI.  If  the  ftomach  be  inverted  and 
then  inflated,  it  will  be  covered  with  humidi- 
ty, though  care  fhould  have  been  taken  to 
wipe  it  dry.  This  humidity  will  appear  re- 
peatedly after  the  ftomach  has  been  freed 
irom  it,  a phenomenon  common,  as  we  have 
feen,  to  various  other  animals.  It  is  not 
poffible  to  difcover  the  pores  from  which 
this  fluid  iflues  by  the  aid  of  a microfcope, 
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nor  can  any  glandular  bodies  be  perceived  in 
the  coats,  or  the  intervals  between  them) 
but  when  the  ftomach  is  held  againft  the 
light,  and  examined  with  a glals  of  great 
magnifying  power,  a number  of  bright  flat 
mefhes  or  eyes  appear  through  the  coats. 
I could  not  however  determine  the  nature  of 
them,  notwithstanding  I confidered  the  dif- 
ferent parts  of  the  ftomach  with  fome  at- 
tention. 

CXCII.  My  fuccefs  with  dogs  was  much 
greater  than  with  cats.  I could  make  them 
take  more  tubes  without  being  liable  to  the 
inconvenience  of  having  them  vomited.  I 
could  not  however  force  them  down  thecefo- 
phagus,  for  this  operation  was  attended  with 
the  fame  danger  as  in  the  falcon  and  eagle; 
whenever  I attempted  it,  the  animal  ufed  all 
Its  efforts  to  bite  me.  But  as  they  would 
fwallow  them  fpontaneoufly,  likethofe  birds, 
I had  only  to  conceal  them  in  pieces  of  flefh, 
and  throw  them  upon  the  floor  of  the  place 
where  the  vidtim  of  my'curiofity  was  kept. 
As  I always  took  care  he  fhould  be  hungry, 
he  generally  ran  towards  the  flefh,  and  Swal- 
lowed it  eagerly  without  mafcication  ; where- 
as, the  cat  would  keep  it  in  the  mouth,  and 
after  chewing  it  for  fome  time,  throw  out 
the  tubes  generally  compreffed  by  the  adtion 
of  the  teeth,  and  fwallow  the  flefh  only. 

I repeated  the  experiment  that  fucceeded 
with  the  two  cats  (CXC)  upon  a dog  ; the 
animal  took  fix  tubes,  four  full  of  various 
kinds  of  animal  fubftances,  as  coagulated 
blood,  lights,  mulcle,  and  cartilage;  the  two 
others  contained  chewed  crumb  of  bread. 
In  fifteen  hours  the  dog  was  killed,  and  the 

ftomach 
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I ftomach  examined;  it  contained  only  four 
I tubes;  the  other  two  had  not  been  voided, 
I and  I fuppofed  they  muft  have  palled  on  to 
I the  inteftines,  where  I found  them  among 
I the  excrementitious  matter  at  the  beginning 
I of  the  redtum.  Before  I defcribe  the  ap- 
I pearances  in  the  tubes,  let  me  fay  a few 
I words  of  the  juices  with  which  the  ftomach 
I abounded.  As  it  contained  nothing  but  the 
I tubes,  we  may  confider  them  as  pure.  They 
| were  of  a yellow  colour,  very  bitter,  almoft 
without  fmell,  not  fo  fluid  as  water,  and  to- 
ll tally  deftitute  of  inflammability.  Thele 
juices  evidently  confili;  of  two  fubftances, 
one  very  thin,  the  other  vifcid  and  gelatinous, 
appeared  from  a depofition  of  the  latter  af- 
ter Handing  a few  hours.  If  the  velici  was 
fet  near  the  fire  the  clear  part  evaporated, 
and  left  a cruft  which  was  formed  by  the 
gelatinous  matter. 

The  two  tubes  that  had  palled  out  of  the 
ftomach  were  empty,  if  we  except  feme  ex- 
crementitious matter  that  had  got  in  through 
the  mefhes  of  the  grating.  Of  ’ the  other 
I four  three  were  empty,  nor  could  I diftin- 
I guilh  which  had  contained  bread  and  which 


elh.  The  tough  and  compadt  cartilage 
alone  filled  part  of  the  tube  in  which  it  had 
been  put,  but  as  far  as  Ì could  judge  by  my 
<eye,  it  was  half  wafted.  It  exhibited  the 
fame  appearances  as  on  a former  occafion  ; it 
was  imbibed  with  gaftric  fluid,  and  had  ac- 
quired the  fame  tafte,  at  leaft  on  the  lurface. 
It  was  fo  foft,  that  it  feemed  to  approach 
fcnore  to  the  nature  of  membrane  than  car- 
tilage. 
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CXCIII.  The  refult  of  this  experiment 
does  not  coincide  with  an  obfervation  in  the 
Tr  cele  51  ione s Academicce  of  the  illuftrioug 
Boerhaave,  commented  upon  by  Haller.  The 
paflage  is  fo  important,  that  I mult  quote  it 
as  it  ftands  in  the  original.  “ Receptum  eft 
in  hominum  opinione  quod  olla  animalibus 
fubigantur;  cum  Helmontianis  olim  fenfit 
Boerhaavius  ; ut  vero  certior  effet,  curam  ad- 
hibuit,  ut  obfervaret,  quid  cibis  fieret  in 
ventriculis  animalium  valde  cibos  coquen- 
tium,  & experimento  cognovit  non  fubigi. 
Dedit  cani  devoranda  inteftina  animalium, 
famelicus  eràt,  affatim  deglutiit,  fubegit  mi- 
nime & per  extremum  inteftinum  pendula 
mifere  poft  fe  traxit.  Dedit  famelico  cani 
offa  butyro  inundta,  reddidit  furfura,  neque 
quidquam  diffolvit  nifi  quod  in  aqua  diffolvi 
poteft.  Dedit  carnes,  reddidit  fibras  carnis 
exfuccas.  Dedit  ligamenta,  ea  poft  tridiurn 
nihil  mutata  egeffit.” 

I referve  till  hereafter  what  I have  to  fay 
on  the  famous  problem  concerning  the  di~ 
geftion  of  bone  by  dogs,  and  now  confine 
myfelf  to  that  part  of  the  experiment  that 
relates  to  the  inteftine,  flefh,  and  ligament. 

I muft  candidly  own,  that  the  different  re- 
fults  obtained  by  Boerhaave  and  myfelf  fur- 
prized  me.  My  furprize  increafed  when  I 
confidered,  that  the  fubftances  were  loofe  in  ; 
the  ftomach  of  his  dog,  and  of  courfe  more 
liable  to  be  attacked  and  diffolved  by  the 
gaftric  liquor;  whereas,  the  tubes  muft  more 
or  lefs  impede  its  accefs.  Upon  further  re-  t 
fledtion  it  occurred  to  me,  that  perhaps  the 
dog  was  affedted  by  fome  internal  malady, 
which  might  alter  the  properties  of  the  gaf- 
tric fluid,  as  in  the  owl  mentioned  in  the 

fourth 
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fourth  diflertation,  of  which  the  gaftric  fluid 
was  rendered  unfit  for  digeftion  by  too  long 
fafting  (CLII).  This  reflection  however 
was  not  quite  Satisfactory,  and  therefore  to 
clear  up  the  matter,  I thought  it  would  be 
better  to  repeat  Boerhaave’s  experiment,  and 
give  a dog  fonie  infettine,  in  order  to  fee  what 
changes  it  would  undergo  in  the  alimentary 
canal.  A middle-  fized  dog  accordingly 
eat  four  pieces  of  the  colon  and  ileum  of  a 
Sheep,  and  at  the  fame  time  took  two  tubes, 
containing  each  a portion  of  the  fame  intef- 
tines.  The  tubes  were  voided  before  the 
time  I had  fixed  for  killing  the  animal,  for 
both  were  found  among  the  excrements, 
within  about  eleven  hours  after  they  were 
fwallowed.  When  the  tubes  were  wnfhed 
clean,  I found  that  the  pieces  of  inteftine 
were  about  half  digefted.  The  folvent  hav- 
ing added  upon  both  furfaces  had  reduced 
their  thicknels  considerably,  but  what  was 
left  itili  retained  its  original  Structure.  I 
then  waflied  the  excrements,  and  difcovered 
feveral  pieces  of  inteftine,  wafted  indeed,  as 
well  asthofe  contained  in  the  tubes,  yet  eati- 
ly  distinguishable. 

CXCIV.  This  experiment  does  not  exactly 
coincide  with  that  of  Boerhaave;  it  is  not 
however  totally  repugnant  to  it,  fince  the 
pieces  of  inteftine  were  not  completely  dif- 
folved.  My  long  acquaintance  with  the  cir- 
cumstances attending  d igeiti  on  gave  rife  to  a 
conjecture,  which  I refolved  to  Submit  to 
the  feft  of  experiment.  The  digeftion  of 
thefe  pieces  of  inteftine,  faid  I to  my  Self, 
was  not  complete  in  the  Short  Space  of  eleven 
hours  (CXCIII)  • but  may  it  not  be  fo  in  a 
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longer  time  ? Is  not  the  quantity  of  folution 
in  fome  meafure  proportional  to  the  quantity 
of  time  ? Does  not  this  appear  from  unde- 
niable, fafts  related  in  the  foregoing  differ- 
tations  ? 

In  order  to  verify  my  conjecture,  I had  only 
to  contrive  a method  to  prevent  the  inteftine 
from  palling  fo  foon  through  the  pylorus  -, 
and  this,  I conceived,  might  be  done  by  en- 
larging the.  tubes  beyond  their  ufual  fize.  I 
got  the  laft-mentioned  dog  to  take  three  fuch 
tubes  filled  with  as  many  pieces  of  the  large 
inteftine  of  a fheep,  as  amounted  to  half  an 
ounce  and  four  penny-weights.  The  tubes 
were  concealed  in  pieces  of  the  fame  intef- 
tine. The  dog,  which  as  ufual,  was  hungry 
at  the  time  of  the  experiment  and  was  ftill 
kept  falling,  voided  fome  excrement  in  twen- 
ty-one hours,  and  upon  minutely  examining 
it,  I thought  I had  fome  foundation  for  be- 
lieving, that  my  conjecture  was  not  fallaci- 
ous ; for  though  fonie  membranous  and  fi- 
brous fragments  appeared  among  it,  which 
could  be  nothing  but  pieces  of  the  inteftine 
in  which  the  tubes  were  concealed,  yet  they  ; 
were  much  more  wafted,  and  much  lefs  ealily 
diftinguifhable  than  in  the  former  experi- 
ment (CXCIII),  on  account  of  their  longer 
continuance  in  the  body.  As  the  procels  of 
digeftion  is  lefs  rapid  in  the  tubes  than  in  the 
open  ftomach,  I let  the  dog  live  twenty  hours 
longer,  at  the  end  of  which  the  three  tubes 
had  remained  forty-one  hours  in  the  fto- 
mach. They  all  three  lay  dole  together  at 
the  inferior  orifice  of  the  ftomach,  wrapped 
up  in  fome  bits  of  rag,  which  in  all  likeli- 
hood the  animal  had  l wallowed  before  the 
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experiment,  and  both  the  tubes  and  rags 
were  immerfed  in  gad: rie  fluid.  I make  no 
mention  of  this  juice,  having  found  it  to  pof- 
fefs  the  properties  deferibed  in  the  GjXCl’Id 
paragraph.  The  reader  is  more  in te reded  in  ■ 
knowing  what  happened  to  the  intedines 
contained  in  the  tubes.  Nothing  could  have 
fucceeded  better  than  this  experiment  : two 
of  the  tubes  were  empty,  and  what  remain- 
ed in  the  third  did  not  amount  to  eleven 
grains;  and  thus  I had  the  fatisfaddon  of 
finding,  as  I had  ■ conjedtured,  that  the  in- 
complete digedion  of  pieces  of  intedine- 
fometimes  obferved  in  dogs,  is  no  proof  of 
the  inability  of  the  gadric  fluid  to  dilfolve 
them;  it  only  fhews,  that  they  have  not  been 
long  enough  fubjedted  to  its  adtion.  Hence 
the  reafon  of  Boerhaave’s  rnidake  appears 
evident.  Perceiving  fome  intedine  which  he 
had  given  to  a dog  hanging  out  behind,  he 
concluded  that  the  animal  could  not  digeft 
fuch  fubdances  (CXCTII)  ; whereas  from 
the  fadts  jud  adduced  it  is  obvious,  that  they 
had  only  not  continued  in  the  domach  afuf- 
ficient  length  of  time. 

CXCV.  Thefe  fadls  alfo  fhew,  that  Aedi 
in  the  domach  of  the  dog  lofes  its  fibrous 
drudture,  which  it  retains  only  when  it  hap- 
pens to  be  voided  foon  after  it  has  been  fwal- 
lowed.  But  it  might  be  objedted  by  a rigid 
partizan  of  Boerhaave,  that  I have  not  dridt- 
ly  proved,  that  the  Solution  extends  to  the 
fibres  ; for  they  may  have  been  gradually  fe- 
parated  from  the  common  mafs,  and  palling 
out  at  the  pores,  and  especially  through  the 
melhes  of  the  lattice-work,  have  left  the  ca- 
vity of  the  tube  empty.  I therefore  thought 
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it  would  be  proper  to  throw  further  light  upon 
the  fubjeft  by  a decifive  experiment.  If 
pieces  of  flefh  were  inclofed  in  purfes  of  very 
thick  linen,  they  would  either  be  difiqlved 
and  leave  no  veftige  behind  them,  as  by 
other  animals  in  like  circumftances  (LXVII, 
CLXXX,  CLXXXI)  ; and  in  this  cafe  we 
muft  infer,  that  dogs  are  capable  of  diffolv- 
ing  flefh  completely,  or  elfe  the  fibres  would 
remain  in  the  purfes,  and  then  we  fhould  be 
obliged  to  agree  with  Boerhaave,  that  the 
digeftion  of  flelh  by  dogs  confifts  in  expreft- 
fing  the  juices  and  converting  them  into 
chyme,  while  the  folid  parts  remained  un- 
altered. But  along  with  the  flefh  I fubjedted 
harder  and  more  tenacious  animal  fubftances, 
fuch  as  tendon  and  ligament,  to  the  teft  of 
experiment,  Six  bags  of  very  thick  linen 
were  given  to  two  dogs;  four  contained  four 
different  forts  of  flefh,  viz.  beef,  veal,  horfe- 
flefh,  and  mutton;  and  the  two  others  ten- 
don and  ligament  of  an  ox,  Each  bag  con-, 
tained  a quarter  of  an  ounce  ; and  it  is  to  be 
obferved,  that  the  contents  were  not  cut  into 
fmall  pieces.  Being  apprehend  ve  left  thefe 
bags,  though  of  iome  bulk,  would  pafs 
through  the  pylorus  before  the  time  for  ex- 
amining them,  I tied  to  each  a bit  of  dry 
fpunge.  They  continued  four  days  in  the 
ftomachs  of  the  two  dogs  ; but  fearing  left 
fo  long  a faft  might  be  hurtful  to  the  ani- 
mals, and  of  courfe  difturb  the  procefs  of 
digeftion,  I fed  them  feveral  times,  though 
rather  fparingly.  At  the  expiration  of  the 
time  juft  mentioned,  I killed  and  immedi- 
ately opened  them.  The  experiment  fuc- 
ceeded  juft  as  I could  have  wifhed ; for  all 
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the  bags  were  in  the  cavity  of  the  ftomach, 
Sufpedting  that  they  might  have  been  torn 
I by  the  teeth  of  the  d<pgs,  I took  particular 
care  to  examine,  but  they  were  whole,  and 
upon  being  cut  open  the  four  firft  were  as 
empty  as  if  they  had  never  contained  any 
flefh,  but  of  the  tendon  and  ligament  there 
remained  about  the  fi£e  of  ahazle-nut;  there 
I was  no  hole  in  either  of  the  bags.  Theten- 

Idon  appeared,  upon  being  weighed,  to  have 
loft  three-fourths,  and  the  ligament  above  one 
half.  I examined  with  particular  attention, 
whether  this  diminution  of  bulk  and  weight 
arofe  from  the  expreffipn  of  the  juices,  but 
the  contrary  was  evident  $ for  they  were  as 
pulpy  and  moift  as  at  firft.  Hence  I had 
every  reafon  for  concluding,  that  the  gaftric 
fluid  had  really  attacked  and  diftolved  the 
fo]  id  parts,  fo  as  to  enable  them  to  pafs  through 
the  pores  of  the  linen.  The  fame  thing  had 
happened  to  the  flefh.  The  folution  was 
ftill  further  confirmed,  by  the  condition  of 
the  external  ftrata  of  the  tendon  and  liga- 
ment, which  were  become  fo  tender  as  to  be 
torn  by  the  flighted  violence.  I was  thus 
fully  convinced  of  the  efficacy  of  the  gaftric 
fluid  of  the  dog  in  diflolving  the  fibres  both 
of  flefh,  tendon,  and  ligament,  though  the 
procefs  is  lefs  rapid  in  the  latter  on  account 
of  their  greater  tenacity  and  harfhnefs.  That 
Boerhaave’s  dog  fhould  void  the  ligaments 
unchanged  on  the  third  day  ( eapoji  triduum 
nihil  mutata  egejjit , CXCIII),  if  by  this  ex- 
prefiion  he  means  that  they  retained  the  na- 
ture of  ligament,  and  it  feems  incapable  of 
any  other  interpretation,  I have  not  the  final- 
left  fcruple  in  believing,  having  feen  the 

fame 
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fame  thing  in  a ligament  that  had  been  four 
days  in  the  ftomach  of  a dog.  It  had  indeed 
undergone  a confiderable  diminution,  a cir- 
cumftance  which  the  celebrated  Dutch  phy- 
sician would  alfo  have  obferved  if,  inftead  of 
judging  by  his  eye,  he  had  taken  the  pre- 
caution of  weighing  it  before  it  was  fwal- 
lowed,  and  after  it  had  been  voided. 

CXCVI.  We  now  come  to  confider  whe- 
ther dogs  are  capable  of  digefting  bone;  a 
problem  which,  if  we  may  rely  upon  the 
obfervations  of  feveral  celebrated  phyfiolo- 
gifts  and  phyficians,  would  appear  to  be  de- 
cided in  the  negative.  We  have  already  feen 
that  Boerhaave’s  dog,  after  having  eaten  bones 
dipped  in  butter,  produced  no  other  change 
upon  them  than  fimple  water  would  have 
done  (CXCIII).  This  he  alfo  endeavours  to 
confirm  by  the  following  remark:  “ Deinde 
in  ftercore  canino, ^quod  Album  Grcecum  vo- 
cant,  fragmenta  offium  pene  non  mutata  re- 
periuntur,  & fit  mera  offium  rafura,  qua? 
dentibus  earns  adrofit,  exfuccorum  & in  imam 
maffam  reductorum.”  It  appears  from  fome 
notes  on  this  paffage  and  his  great  work  (a), 
that  his  illuftrious  difciple,  Albert  Haller, 
adopted  the  fame  opinion.  Dr.  Pozzi  alfo 
afferts  in  his  work  quoted  above  (XIII),  that 
dogs  do  not  digeft  bone.  Of  the  two  expe- 
riments which  he  relates,  the  following  ap- 
pears the  moll  conclufive.  He  gave  a dog 
that  had  been  fading  five  days  three  bones 
which,  though  dry,  the  animal  fwallowed 
for  the  fake  of  the  butter  with  which  they 
\vere  anointed.  One  of  the  bones  weighed 


(a)  Ef  Phyf.  T,  6, 


three 


D I S $ E R t A T I O tf  - V*  209 

three  ounces,  another  two,  and  the  third 
one.  In  three  days  they  were  voided,  and 
had  only  loft  fix  grains. 

Such  are  the  moft  powerful  arguments  ad- 
duced by  phyfiologifts  againft  the  vulgar  opi- 
nion. This  opinion  however  found  in  Reau- 
mur an  able  advocate,  one  who  eminently 
poftefted  the  difficult  art  of  making  experi- 
ments with  fuccefs.  Of  the  feveral  produc- 
tions by  which  he  has  fignalized  himfelf, 
none  have  contributed  more  to  his  reputation, 
than  the  two  beautiful  memoirs  on  digeftion, 
which  I have  fo  often  quoted  with  applauie. 
To  illuftrate  theprefent  curious  and  intereft- 
ing  lubjedt  he  made  the  following  experi- 
ment ( a ).  Two  coxnpadl  cylindrical  bones, 
each  feven  lines  long  and  two  in  diameter, 
were  given  to  a fmall  bitch,  which  was  killed 
in  twenty-fix  hours.  The  bones  that  were 
Itili  in  the  ftomaeh  were  diminifhed  in  bulk, 
and  it  appeared  to  him  that  feveral  laminae 
were  taken  away.  They  had  moreover  ac- 
quired the  flexibility  of  horn,  though  they 
were  at  firft  rigid  and  inelaftic.  Hence  he 
infers,  that  they  had  been  in  part  difiolved 
by  the  gaftric  fluid. 

CXCVII.  After  having  thus  noticed  the 
experiments  of  others,  let  me  relate  my  own . 
In  the  ftomaeh  and  inteftines  of  the  dog, 
mentioned  in  the  CXCIId  paragraph,  I found 
feveral  pieces  of  bone.  They  feemed  to  be- 
long to  fome  quadruped,  probably  a fheep, 
and  muft  have  been  eaten  before  the  dog  came 
into  my  pofleffion.  I did  not  weigh  them, 
but  as  far  as  I could  judge  by  infpedtion, 

( a ) Mem.  2, 

they 
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they  amounted  to  above  fix  ounces.  Upon 
warning  and  then  examining  them  attentive- 
ly, I perceived  certain  fears  and  longitudinal 
furrows,  of  which  I doubted  whether  they 
were  produced  by  the  gaftric  liquor  or  the 
teeth  of  the  dog  ; befides,  many  of  the  angles 
and  edges  were  evidently  blunted,  at  the  fight 
of  which  the  idea  of  what  happens  to  the 
hardeft  bodies  in  a mufcular  ftomach  re- 
curred. I moreover  obferved,  that  thefe 
places  were  not  fo  hard  as  the  thicker  parts 
of  the  bone.  But  thefe  phasnomena  only 
fuggefted  doubts,  which  I refolved  to  diffi- 
pate  by  the  light  of  experiment.  To  obtain 
this,  I filled  tubes  with  pieces  of  bone,  and 
gave  them  to  a dog.  The  bones  were  of  va- 
rious kinds  and  degrees  of  hardnefs  : the 
tubes,  which  were  two  in  number,  were  put 
in  a bag  of  linen,  in  order  to  prevent  the  bits 
of  bone  from  getting  out.  To  allow  the 
gaftric  juices  a proper  time  for  producing 
their  effedts,  the  dog  was  fuffered  to  live  for 
feven  days,  and  during  this  time  was  fed 
moderately.  One  of  the  tubes,  though  they 
'were  rather  large,  had  paffed  into  the  ccecum, 
and  was  furrounded  by  feculent  matter;  the 
other  remained  in  the  ftomach.  They  were 
neither  of  them  empty,  but  their  contents, 
which  at  firft  weighed  three-fourths  of  an 
ounce  and  eighteen  grains,  now  amounted 
only  to  four  penny-weights  and  feven  grains. 
All  the  angles  and  edges  were  deftroyed.  The 
fofteft  bones  had  fuffered  moft.  They  could 
now  be  eafily  cut  in  the  thin  places  with  a 
knife.  The  thinned;  parts  of  the  bone  were 
diffolved  and  had  paffed  through  the  bag,  not 
a veftige  of  them  remaining.  This  experi- 
ment 
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ment  proves  two  proportions,  viz.  that  the 
digeftive  powers  of  the  dog  adt  upon  bone  as 
well  as  flefh  ; though  the  latter,  on  account 
of  its  foftnefs,  is  more  fpeedily  diftolved, 
and  that  the  gaftric  juices  are  the  foie  effi- 
cient caufe  of  digeftion. 

CXCVIII.  This  experiment  was  repeated 
three  times,  and  the  refult  was  effe ntially  the 
fame;  but  there  occurred  two  circumftances 
that  deferve  to  be  noticed.  One  of  the  dogs 
produced  only  a fmall  diminution  of  the 
bones  in  eight  days,  though  it  was  fed  plen- 
tifully, and  feemed  to  be  in  perfect  health 
the  whole  time.  This  fhews,  that  little  or 
no  effedt  being  produced  upon  the  bone, 
which  fometimes  happens,  as  in  the  cafes  al- 
ledged  by  Boerhaave  and  Pozzi  (CXCVI), 
is  no  proof  of  the  inefficacy  of  the  gaftric  fluid 
of  this  animal;  it  only  thews,  that  the  di- 
geftive  powers  are  unequal  ; nor  ought  this 
to  excite  our  furprize,  as  the  fame  thing  is 
obfervable  in  our  own  fpecies. 

The  other  remarkable  circumftance,  ta 
which  I alluded,  is  the  reverfe  of  the  pre- 
ceding. Among  the  bones  given  to  one  of 
the  dogs,  were  two  dentes  incifores  from 
the  upper  jaw  of  a theep.  It  has  been  al- 
ready obferved,  that  the  enamel  of  the  teeth 
receives  no  injury  from  the  gaftric  fluids 
that  are  capable  of  diffolving  the  hardeft 
bones,  fuch  as  thofe  of  the  eagle  and  falcon 
(CLXI,  CXXXIII)  ; yet  the  gaftric  fluid  of 
the  dog  in  queftion,  damaged  this  denfe  fub- 
ftance.  I have  now  before  me  the  two  teeth, 
which  I keep  as  a curiofity.  The  enamel  of 
one  is  corroded  in  two,  and  of  the  other  in 
three  places;  the  five  cavities  are  above  a line 
i long, 
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long,  and  penetrate  to  the  nucleus  of  the 
bone.  The  roots  of  the  teeth  were  almoli 
entirely  deftroyed.  The  powerful  menftruum 
of  the  ftomach,  had ’made  greater  havock 
among  the  other  bones  that  were  enclofed 
along  with  the  teeth  ; the  excavations  being 
wrought  in  a tenderer  fubftance  were  more 
confiderable.  Upon  comparing  this  phamo- 
menon  with  the  furrows  mentioned  in  the 
CXCVIIth  paragraph,  I have  no  doubt 
but  they  were  occafioned  by  the  gaftric  fol- 
vent.  It  defer ves  to  be  remarked,  that  in  the 
cafe  where  the  enamel  of  the  teeth  was  de- 
ftroyed,  the  linen  bag  had  not  fuftained  the 
fmalleft  injury,  though  the  folvent  necefla- 
rily  paffed  through  it  : nor  is  this  to  be  won- 
dered at  ; for  we. have  instances  of  many  gaf- 
tric fluids  that  are  capable  of  decompofing 
.the  moft  compatì:  animal  fubftances,  though 
they  do  not  produce  any  effetì  on  the  fofteft 
vegetable  matters  (CXLVI,  CL VI).  This 
is  alfo  true  of  chemical  menftrua  ; the  nitrous 
acid  difi'olves  the  hardeft  calcareous  ftones, 
but  leaves  the  moft  friable  gypfum  and  clay 
untouched. 

CXCIX.  Though  my  experiments  on  dogs  : 
decisively  prove,  that  digeftion  is*  the  effetì  ; 
..of  the  gaftricf  fluid  alone  ; yet  it  was  proper 
to  enquire,  whether  the  fides  of  the  ftomach 
have  any  motion  during  digeftion,  and  what 
that  motion  is  ? There  were  two  ways  of 
making  this  enquiry  j mediately,  that  is,  by 
.the  effetìs;  and  immediately,  that  is,  by 
opening  the  abdomen  and  infpetìing  the  c 
ftomach. 


With  refpetì  to  the  firft  mode,  though  I was 
certain  that  the  ftomach  of  the  dog  had  no 

confiderable 
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Iconfiderable  motion,  becaufe  neither  the 
tubes  nor  the  bags  had  fuftained  any  injury; 
yet  in  order  to  fee  whether  it  has  any  motion 
at  all,  I gave  a dog  fome  thin  tubes  open  at 
the  ends,  which  were  therefore  liable  to  be 
comp  re  fled  by  the  fmalleft  violence.  But  I 
could  not  find  the  leaft  contu'fion  upon  them, 
after  they  had  been  three  days  in  the  ftomach. 
The  infpedion,  however,  of  the  tubes,  pre- 
jlented  a phenomenon  which  fhewed,  that 
the  Aides  of  the  ftomach  had  not  been  inac- 
tive all  the  time.  Upon  opening  this  vifcus 
I found  a mafs  of  hairs,  which  were  of  a 
different  colour  from  thofe  of  the  dog,  and 
could  not  therefore  have  been  fwallowed 
while  the  animal  was  licking  itfelf.  They 
muft  have  belonged  to  fome  other  animal 
that  had  been  devoured  by  the  dog,  before  it 
fell  into  my  hands.  Thefe  hairs  were  not 
only  floating  in  the  ftomach,  but  many  of 
them  had  likewife  got  into  the  tubes  ; and 
this  muft  have  been  effected  by  the  addon  of 
the  ftomach. 

CC.  I opened  five  living  dogs,  taking  care 
not  to  wound  the  ftomach.  This  operation 
was  performed  foon  after  they  had  taken 
:ood  ; for  I prefumed  that  the  mufcular  fi- 
bres, irritated  by  the  diftenfion,  would  con- 
trad  more  confpicuoufly  at  this  time.  The 
ftomach  of  the  firft  was  perfedly  quiefcent 
rvhen  it  was  left  to  itfelf.  But  when  the 
point  of  a knife  was  drawn  over  it,  the  parts 
that  were  touched  and  thofe  that  were  adja- 
cent immediately  contraded,  and  then  re- 
turned to  their  former  fituation.  Upon 
throwing  round  a ligature  above  the  cardia 
and  below  the  pylorus,  and  taking  the  fto- 
r VOL.I.  P mach 
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mach  out  of  the  body,  I thought  I perceived 
a flight  periltaltic  motion,  but  it  was  of  fhort 
duration.  The  contraction  and  dilatation 
continued  to  fucceed  each  other  in  the  places 
that  were  touched  with  the  knife,  or  any  ir- 
ritating body,  for  half  an  hour.  The  fto- 
mach  of  the  fecond  was  not  only  delti  tute  of 
fpontaneous  motion,  but  was  infeniible  to 
every  ftimulus.  In  the  third  ftomach  the 
periltaltic  motion  was  very  confpicuous;  the 
contraction  began  juft  below  the  luperior 
orifice,  and  proceeded  with  a gentle  undula- 
tion to  the  pylorus,  and  the  dilatation  regu- 
larly followed.  This  fpeCtacle  lafted  for  feven 
minutes.  And  I could  refufcitate  the  mo- 
tion by  irritating  the  upper  part  of  the  fto- 
mach, but  it  continued  only  a little  while. 
The  periltaltic  movement  did  not  appear  on 
the  ftomach  of  the  fourth  dog,  but  irritation 
would  excite  it.  And  it  was  in  this  cafe  con- 
fined to  the  ring  or  circular  band  correspond- 
ing to  the  place  where  the  ftimulus  was  ap- 
plied. This  band  contracted  gently,  and  the 
diameter  of  the  ftomach  was  fenfibly  dimi- 
nished ; in  a few  minutes  it  dilated  juft  as 
flowly.  In  the  fifth  ftomach  the  periltaltic 
motion  was  as  apparent  as  in  the  third  ; it 
lafted  fome  minutes  longer,  and  when  it  had 
ceafed  in  all  the  other  parts  of  the  vifcus,  a 
band  juft  above  the  pylorus  continued  thefe 
alternations.  The  contraction  was  fo  consi- 
derable, that  the  oppofite  fides  of  the  fto- 
mach almoft  touched  each  other  ; but  all 
thefe  motions  were  exceedingly  flow,  nor 
did  the  fides  of  the  ftomach  ever  dilate  or 
contract  Suddenly  or  forcibly. 


CCI. 
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CCI.  At  the  fame  time  I examined  the 
ftomach  of  fonie  cats  in  the  fame  manner. 
The  rel'ult  was  exaCtly  alike.  A gradual 
movement  of  contraction  and  dilatation,  be- 
ginning at  the  upper  end  and  extending  to 
the  lower,  was  generally  perceptible. 

All  thele  experiments,  and  the  reader  will 
find  fimilar  ones  in  Haller,  though  made 
with  a different  view  (a),  clearly  fhew,  that 
the  motion  of  the  ftomach  of  the  dog  and 
cat  are  not  capable  of  triturating  the  food, 
but  calculated  to  carry  it  fiowly  from  the 
fuperior  to  the  inferior  orifice  of  the  fto- 
mach, and  thence  expel  it  into  the  duodenum. 

From  the  great  number  of  dogs  that  were 
fubjeCted  to  thele  experiments  1 collected  a 
large  quantity  of  gaftric  fluid,  and  found  it 
as  capable  of  producing  an  incipient  digef- 
tion  out  of  the  body,  as  that  of  leverai  other 
animals  mentioned  above,  both  of  boiled  and 
raw  meat,  and  likewife  of  feveral  vegetables. 
It  was  however  neceftary  to  apply  a pretty 
ftrong  heat,  and  to  change  the  liquor  feveral 
times,  as  in  other  inftances. 

CCII.  Blafius,  in  his  laborious  arid  accu- 
rate anatomy  of  the  dog,  fays,  that  the  in- 
ternal coat  of  the  ftomach  is  compofed  of  a 
congeries  of  glands  ( b ).  My  opportunities 
of  ascertaining  this  have  been  frequent.  I 
have  examined  it  with  my  naked  eye  and  with 
the  microfcope,  but  could  never  perceive  any 
glandular  appearance.  Upon  wiping  it  dry 
and  prefling  it,  it  is  covered  with  an  aqueous 
cxfudation,  but  I could  not  diftinguifh  the 

(a)  Mem.  fur  les  part,  irrit.  & fenfib,  T.  i. 

-(b)  Ana,t.  Anim. 
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pores  from  which  this  exfudation  iffues.  T 
have  examined  feveral  pieces  with  the  folar 
and  the  fimple  microfcope,  and  in  fome  per- 
ceived a vaft  number  of  lucid  points,  while 
in  others, there  appeared  nothing  of  this  kind. 
I then  examined  the  back  part,  which  is  con- 
tiguous to  the  nervous  coat,  and  immediate- 
ly faw,  that  it  is  compofed  of  a congeries  of 
oblong  particles,  of  a pale  flefh-colour,  clofe- 
ly  compacted  together.  Thefe  are  probably 
the  glands  of  Blafius;  but  I cannot  affirm 
that  they  are  really  glands,  not  having  been 
able  to  diftinguifh  the  charadteriftic  marks  of 
glandular  bodies  in  them.  But  however  this 
may  be,  it  is  certain  they  are  deftined  to 
tranfmit  a fluid  into  the  ftomach  ; for  when- 
ever they  are  preffed,  the  above-mentioned 
exfudation  appears  upon  the  internal  furface. 
And  this  fluid  may  be  expreffed  feveral  days 
'after  the  ftomach  has  been  taken  out  of  the 
body. 

I have  before  faid,  that  the  pores  from 
which  the  gaftric  liquor  iffues  are  invfible; 
but  the  parts  contiguous  to  the  pylorus  muft 
be  excepted,  in  which  they  are  very  conlpi- 
cuous.  Upon  comparing  the  fluid  that  thus 
oozes  out  with  that  which  is  collected  in  the 
ftomach  when  it  is  opened,  we  fhall  find  a 
very  ftriking  difference.  The  latter,  as  we 
have  feem above,  is  yellow,  bitter,  and  fome- 
what  gelatinous  (CXC1I).  But  the  former 
has  not  one  of  thefe  properties,  being  co- 
lourlefs,  infipid,  and  very  fluid.  Hence  it 
is  evident,  that  the  gaftric  liquor  of  the  dog, 
that  liquor  which  is  the  efficient  caufe  of  di- 
geftion,  confifts,  as  in  other  animals,  of  le- 
verai different  principles,  viz.  of  fai  iva,  of 
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the  cefophageal  juice,  of  that  which  is  pe- 
culiar to  the  ftomach,  of  the  pancreatic  juice, 
and  of  bile. 

CCIII.  To  complete  my  refearcheson  ani- 
mals with  membranous  ftomachs,  it  remain- 
ed to  examine  that  of  Man.  One  may  indeed 
draw  very  plaulible  inferences  concerning 
human  digeftion,  from  obfervations  on  this 
numerous  clafs  ; efpecially  from  birds  of 
prey,  the  cat  and  dog,  which  refemble  us 
lb  much  in  the  ftrudture  of  the  flomach. 
But  analogical  arguments  are  probable  in- 
deed, but  not  conclufive.  And  it  is  an  ob- 
ject of  much  higher  importance  to  attain  cer- 
tainty in  Man  than  in  animals.  In  the  writ- 
ings of  antient  and  modern  phyficians  no 
topic  is  more  frequently  difeufled,  yet  there 
is  little  elle  belldes  luppofition  : diredt  expe- 
riments made  upon  Man  are  entirely  want- 
ing, and  their  refearches  are  illuminated  only 
by  the  twilight  of  conjecture,  and  fupported 
by  precarious  hypothefes.  If  therefore  it 
was  neceffary  on  other  occafions  to  have  re- 
courfe  to  experiment,  on  the  prelent  it  was 
abfolutely  indiipe.nfible.  Upon  reflection  it 
appeared,  that  the  principal  experiments  were 
reducible  to  two  heads,  viz.  to  procure  hu- 
man gaftric  fluid,  in  order  to  examine  it  in  the 
manner  that  of  animals  has  been  examined; 
and  to  fwallow  tubes  full  of  various  vege- 
table and  animal  fubftances,  in  order  to  fee 
what  changes  they  undergo  in  the  ftomach. 
I will  candidly  own,  that  the  latter  kind  gave 
me  fome  apprehenfion.  The  hiftories  of  in- 
digeftible  fubftances  occafloning  troublefome 
lymptoms,  and  being  vomited  after  a confi- 
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derable  time  (a)',  occurred  to  my  mind.  I 
alio  recollected  instances  where  luch  bodies 
had  ltopped  in  the  alimentary  canal.  Other 
faCts  however  where  the  refult  was  contrary, 
and  of  more  frequent  occurrence,  gave  me 
confidence.  Thus  we  every  day  fee  the 
lfones  of  cherries,  medlars,  plums,  See. 
fwallowed  and  voided  with  impunity.  This 
confi  deration  at  laft  determined  me  to  make 
a trial  with  as  great  caution  as  poffible. 

CCIV.  I fwallowed  in  the  morning  fall- 
ing a linen  bag,  containing  fifty-two  grains 
of  mafticated  bread.  All  the  following  ex- 
periments were  made  under  the  like  circum- 
ftances.  I retained  the  purfe  twenty-three 
hours  without  experiencing  the  fmalleft  in- 
convenience, and  then  voided  it  quite  empty. 
The  firing  uled  for  fewing  and  tying  it  was 
entire,  nor  was  there  any  rent  in  the  bag  it- 
felf.  Hence  it  is  plain,  that  it  had  not  re- 
ceived any  damage  either  in  my  fiomach  or 
intefiines.  The  fortunate  refult  of  this  ex- 
periment gave  me  great  encouragement  to 
undertake  others.  I immediately  repeated 
it  with  two  of  the  faine  bags,  with  this  va- 
riation, that  one  was  double,  and  the  other 
had  three  folds.  My  motive  obvioufly  was 
to  fee,  whether  thefe  additional  folds  would 
impede  digeftion.  The  bags  were  voided  in 
twenty-feven  hours,  and  the  double  one  was 
empty;  but  the  other  ftill  contained  a finali 
quantity  that  had  yet  the  characters  of  bread. 

CCV.  From  vegetable  I proceeded  to  ani- 
mal fubftances.  In  a fingle  linen  bag  fixty 
grains  of  boiled  pigeon  were  enclofed,  and (*) 

(*)  Haller,  Phyf.  T.  6. 
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in  another  the  fame  quantity  of  boiled  veal  ; 
both  were  previoufly  mafticated.  The purfes 
were  voided  in  eighteen  hours  and  three- 
quarters,  and  the  flefh  was  entirely  con lumed. 
Inftead  of  fixty  I next  employed  eighty  grains, 
of  which  the  bulk  was  not  fo  great  as  to 
make  me  apprehend  any  danger  from  its  pafs- 
ing  down  the  oefophagus,  and  ftill  lefs  from 
its  getting  out  through  the  pylorus,  as  £t 
this  time  it  muft  of  neceffity  be  very  much 
diminifhed  in  bulk.  The  flefh  had  been  pre- 
vioufly boiled  and  mafticated.  I retained  it 
twenty-nine  hours,  at  the  expiration  of  which 
time  there  remained  eleven  grains  undiflolv- 
ed.  This  flefh  differed  in  appearance  from 
that  which  is  taken  undigefted  out  of  the 
ftomachs  of  animals.  The  furface  of  the 
latter  is  gelatinous,  but  the  former  was  as 
void  of  fucculency  as  if  it  had  been  fet  un- 
der a prefs.  This  appearance,  which  is  ana- 
logus  to  that  of  the  bread  in  the  preceding 
experiment  (CCIV),  made  me  fufpedt,  that 
perhaps  the  human  ftomach  might  poflefs  a 
power  of  comprefling  its  contents,  though 
others  of  the  fame  ftrudture  are  deftitute  of 
fuch  a power.  I therefore  determined  to 
bring  this  fufpicion  to  the  teft  of  experiment. 

CCVT.  Finding  that  I could  digeft  drefled 
meat  that  had  been  mafticated,  I wifhed  to 
know  whether  I was  capable  of  digefting  it 
without  maftication.  I fwallowed  eighty 
grains  of  the  bread;  of  a capon,  enclofed  in  a 
nag.  *"  The  bag  was  retained  thirty-feven 
hours.  So  long  a fpace  had  produced  confi- 
derable  eftedts,  for  it  had  loft  fifty-fix  grains. 
The  furface  of  the  remainder  was  dry,  but 
the  internal  fibres  appeared  to  be  more  fuc- 
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culent.  The  piece  feemed  to  have  been  di-  ' 
gelled  equally,  for  it  retained  its  original 
ìli  ape. 

CCVII.  I next  wifhed  to  know  whether 
this  drynefs  of  the  furface  would  take  place 
in  raw  as  well  as  drefled  flefh.  I did  not 
doubt  but  I fhould  digeft  it  in  this  fiate  more 
or  lefs  fpeedily  ; for  the  human  flomach  is 
adapted  to  the  digeflion  of  the  one  as  well  as 
the  other,  whole  nations  living  upon  raw 
flefh,  and  raw  filli  being  eaten  in  fonie  ma- 
ritime countries  ; not  to  mention  that  oyflers, 
cockles,  &c.  in  the  fiate  they  are  taken,  are 
among  the  delicacies  of  the  elegant  and  luxu- 
rious, though  a food  of  difficult  digeflion. 

I took  falling  fifty-fix  grains  of  raw  veal  and 
as  much  beef,  enclofed  in  two  bags,  which 
were  returned  about  the  middle  of  the  next 
day.  Of  the  veal,  as  it  was  the  tenderer, 
there  remained  fourteen  grains,  and  of  the 
beef  twenty-three.  In  both  there  was  the 
fame  drynefs  on  the  furface  as  if  the  bags 
had  been  wrung,  or  preffed  by  fonie  external 
violence. 

CCVIII.  As  then  this  phenomenon  is 
conflant,  are  we  to  fuppofe,  that  the  digef- 
tion  of  flefh  and  bread,  which  is  produced 
by  the  gaflric  fluid  within  the  bags,  is  aided 
by  the  triturating  power  of  the  flomach  ? 
Does  any  ludi  power  exift  at  all  ? I could 
devife  no  better  means  of  difpelling  thele 
doubts,  than  by  obferving  what  happens  to 
animal  and  vegetable  fubflances  enclofed  in 
tubes.  Should  they  either  not  be  at  all  or 
imperfectly  di  gelled,  we  niufl  infer,  that 
there  was  wanting  fonie  circumflance  either 
negeflhry,  or  at  leaf!  expedient  ; and  we  might 
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prefume,  that  it  is  trituration.  I was  then 
under  the  neceffity  of  fwallowing  tubes. 
Having  fuffered  nothing  from  the  former  ex- 
periments, I entered  upon  thefe  without 
much  apprehenfion.  Inftead  of  tin  I had  my 
tubes  made  of  wood,  fearing  left  the  refi- 
dence  of  the  metal  in  the  ftomach  and  bowels 
fhould  be  produttive  of  bad  conlequences, 
although  I never  perceived  any  in  other  ani- 
mals. The  gaftric  fluid  had  never  corroded 
it,  the  colour  was  only  turned  to  black.  My 
wooden  tubes  were  five  lines  in  length  and 
three  in  diameter.  The  fides  were,  as  ufual, 
perforated  with  a great  number  of  holes,  in 
order  to  allow  free  in^refs  to  the  juices  of 
the  ftomach,  along  the  whole  length  of  the 
tubes,  as  well  as  at  the  ends.  To  prevent 
the  entrance  of  the  foeculent  matter  during 
their  paflage  through  the  long  track  of  the 
inteftines,  they  were  enclofed  in  linen  bags,* 
a precaution  not  always  employed  upon  other 
occafions  of  the  like  nature.  At  firft  I took 
a lingle  tube,  containing  thirty-fix  grains  of 
boiled  veal  previoufly  mafticated.  The  tube 
was  voided  empty  in  twenty-two  hours.  The 
cover  of  linen  was  entire,  and  had  prevented 
any  extraneous  matter  from  getting  in. 

CCIX.  This  experiment,  which  is  by  no 
means  favourable  to  the  dottrine  of  tritura- 
tion, induced  me  to  attempt  others  before  I 
drew  any  conclufion.  As  the  tube  was  ca- 
pable of  containing  above  thirty-fix  grains,  I 
put  in  forty-five.  I retained  it  feventeen 
hours.  There  was  a refiduum  of  twenty- 
one  grains  ; and  now  appearances  were  chang- 
ed; the  veal  not  only  had  its  natural  fiuccu- 
lence,  but  the  furface  was  foft  and  gelatinous, 
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the  center  alone  remaining  fibrous.  The 
jelly  was  fweet,  its  fmell  was  not  at  all  pu- 
trid, any  more  than  that  of  the  refiduums  in 
the  purfes.  Thefe  appearances  were  obferv- 
ed  in  three  other  experiments  with  boiled, 
and  one  with  raw  flefh  of  feveral  different 
kinds.  I hefitated  not  to  conclude,  that  in 
Man,  as  well  as  numberlefs  other  animals, 
the  gaftric  fluid  digefts  the  food  without  the 
concurrence  of  trituration.  It  is  indeed  not 
poflible  that  it  fhould  concur;  for  I have  di- 
rect proofs,  that  no  mufcular  adtion  capable 
of  producing  fuch  effedts  is  ever  exerted  by 
the  human  ftomach.  Among  the  wooden 
tubes  employed  in  thetfe  experiments,  I pro- 
cured fome  to  be  made  fo  thin  that  the  flight- 
ed: preflure  would  crudi  them  to  pieces;  and 
though  I frequently  ufed  them,  not  one  was 
ever  broken.  If  1 took  off  the  linen  cover, 
which  was  always  entire,  and  examined  them 
with  ever  fo  much  attention,  I could  never 
perceive  the  fmallefl  fifl'ure. 

CCX.  Thefe  perfectly  coincide  with  the 
following  fadts.  Cherries  and  grapes  are  faid 
to  be  voided  entire  (<z).  I refolved  to  afcer- 
tain  by  my  own  experience  the  truth  of  thefe 
obfervations.  I fir  ft  fwallowed  four  unripe 
grapes,  becaufe  in  that  ftate  they  have  greater 
firmnefs.  In  a day  they  were  all  voided  with 
the  fkin  whole;  the  colour  was  changed  from 
a greyifh  white  to  yellow.  I next  made  trial 
of  ripe  grapes,  which,  as  every  one  knows, 
burft  on  the  flighted  preflure.  Of  twenty- 
five  which  I- fwallowed  eighteen  were  voided 
entire,  of  the  other  feven  the  fkins  only  ap- 


[a)  Haller,  Phyf.  T.  6. 
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I peared.  I made  the  fame  experiments  with 

!“many  cherries,  as  well  ripe  as  unripe,  and 
by  far  the  greater  number  were  voided  en- 
tire. Thefe  experiments,  together  with  thofe 
made  on  the  thin  tubes,  afford  the  mod;  con- 
clufive  evidence,  that  no  triturating  force  is 
I [exerted  by  the  human  ftomach. 

I filali  be  perhaps  alked,  what  is  the  caufe 
I of  the  drynefs  of  the  fibres,  fo  often  ob- 
li ferved  in  flefh  enclofed  in  the  linen  bags, 

I which  would  appear  to  have  been  forcibly 
I prefled  (CCIV,  CCV,  CCVI,  CCVII)? 
I Upon  confidering  the  matter  I was  led  to 
I fuppofe,  that  the  inteftines  are  more  concern- 
I ed  in  this  phenomenon  than  the  ftomach. 

I While  the  bags  remain  in  the  ftomach,  the 
I flefh  is  converted  into  a gelatinous  matter; 
I for  there  is  no  reafon  for  believing  this  hap- 
I pens  in  the  tubes  only,  and  not  in  the  bags.  But 
I when  they  are  protruded  into  the  inteftines, 

I they  muft  be  furrounded  and  prefled  by  the 
I fceculent  matter.  Hence  the  jelly  is  fqueez- 
I ed  out,  and  the  fibres  lofe  their  fucculenee. 
I And  this,  not  the  adtion  of  the  ftomach,  I 
I take  to  be  the  caufe  why  cherries  and  grapes 
I are  now  and  then  burft. 

CCXI.  Having  thus  eftablifhed  this  fun- 
I damental  propofition,  viz.  that  the  digeftion 
of  flefh  and  bread  is  produced  in  my  ftomach 
by  the  gaftric  fluid  independently  of  tritura- 
tion (CCIV,  CCV,  CCVI,  CCVII,  CCVIII, 
CCIX,  CCX),  I had  before  me  a fine  field 
for  experiments  that  could  not  fail  to  fuggeft 
fome  important  truth.  The  neceffity  of  maf- 
tication  is  fufficiently  known.  There  is,  per- 
haps, no  perfon  who  has  not  fome  time  or 
[ other  been  fubjedt  to  indigeftion  for  want  of 
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having  performed  this  properly.  In  the 
courfe  of  my  experiments  I had  fwallowed 
fome  mafticated  flefh,  andfome  without  maf- 
tication  ; but  having  never  taken  care  that  it 
fhould  be  of  equal  fize,  I had  no  term  of 
comparifon,  and  hence  was  not  certain  which 
was  moft  fpeedily  digefted.  I therefore  fup- 
plied  this  omiffion  in  the  following  manner. 
I took  two  pieces  from  a pigeon’s  heart,  each 
weighing  forty-five  grains,  and  having  chew- 
ed one  as  much  as  I ufed  to  chew  my  food, 
enclofed  them  in  two  tubes,  and  fwallowed 
them  at  the  fame  time,  but  without  attain- 
ing the  end  I had  in  view  ; for  the  tube  con- 
taining the  chewed  flefh  was  voided  in  twen- 
ty-five hours,  and  the  other  in  thirty-feven, 
both  empty.  Another  experiment  made  un- 
der the  fame  circumftances  fucceeded  better, 
both  the  tubes  were  voided  in  nineteen  hours, 
and  I then  faw  how  much  digefiion  is  pro- 
moted by  maftication.  Of  the  mafiicated 
flefh  there  remained  only  four  grains,  where- 
as of  the  other  there  were  eighteen  left.  This 
was  confirmed  by  two  other  experiments, 
one  made  with  mutton,  the  other  with  veal. 
The  reafon  is  obvious.  Not  to  mention  the 
faliva  which  moiftens  and  predifpofes  meat 
to  be  diffolved,  it  cannot  be  doubted,  that 
when  it  is  reduced  to  pieces  by  the  aótion  of 
the  teeth,  the  gaftric  fluid  penetrates  more 
readily,  and  by  attacking  it  at  more  points, 
diffolves  it  more  fpeedily  than  when  it  is 
whole.  This  is  true  of  menflrua  in  general, 
which  always  diflolve  bodies  fooneft  when 
they  have  been  previoully  broken  in  pieces. 
This  is  alio  the  reafon  why  in  other  experi- 
ments, mafticated  bread  and  drefled  flefh  were 

more 


225 


DISSERTATION  V. 

more  readily  diflolved  than  unchewed  bread 
and  raw  flefh.  The  boiling  had  made  it  ten- 
derer, and  confequently  difpofed  it  to  allow 
ingrefs  to  the  gadric  fluid. 

CCXII.  It  is  an  opinion  common  among 
modern  phyfiologids,  that  flefliy  fibres,  ten- 
don, cartilage,  and  bone  lofe  their  juices  in 
the  human  Stomach,  but  that  the  folid  parts 
are  not  diflolved  or  digefied.  With  refpedt 
to  flefliy  fibres,  I mud  differ  from  them, 
having  clearly  proved  the  contrary  by  expe- 
riment (CCV,  CCVIIX,  CCXI).  As  I could 
bring  the  other  fubflances  to  the  fame  ted, 
1 would  not  negledt  an  enquiry  of  fo  much 
importance.  I at  fil'd  took  membrane  en- 
clofed  in  a tube  without  madication  or  divi- 
sion, weighing  about  fixty-five  grains.  The 
tube  was  voided  in  thirty-two  hours,  and 
prelented  the  following  appearances  : The 
membrane  was  entire,  but  feemed  thinner 
and  fhorter.  It  weighed  only  twenty-eight 
grains.  This  diminution,  however,  was  not 
a fufficient  proof  of  the  folution  of  the  folid 
parts  ; it  might  be  the  confequence  of  the 
privation  of  the  fluids.  It  was  therefore 
proper  to  return  it  into  the  domach,  and  wait 
the  refult.  The  membrane  was  voided  in 
fifteen  hours  ; it  was  dill  in  one  piece,  but 
exceedingly  reduced,  weighing  now  only 
five  grains.  This  petty  remainder  I fwai- 
lowed  a third  time  ; the  tube  was  voided  in 
twenty-two  hours,  and  was  now  completely 
empty.  I afterwards  law  the  fame  phaeno- 
mena  in  membranes  of  greater  thicknels  and 
tenacity;  I once  digeded  the  aorta  of  a calf 
after  it  had  been  boiled.  The  only  difference 
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I obferved  was,  that  the  comparer  mem- 
branes required  more  time  to  be  diffolved. 

CCXIII.  I made  experiments  upon  car- 
tilage and  tendon  at  the  fame  time.  To 
avoid  giving  the  reader  djfguft  by  too  parti- 
cular a recital,  I will  only  mention  the  bare  : 
refults.  The  cartilage  was  more  fpeedily 
diffolved  than  the  tendon,  the  former  being 
totally  confumed  in  eighty-five  and  the  lat- 
ter in  ninety-feven  hours.  Both  were  taken 
from  an  ox,  and  had  been  previoufly  boiled 
for  half  an  hour. 

CCXIV.  Bones  ftiil  remained,  and  I fub- 
mitted  fome  both  of  a hard  and  foft  texture 
to  experiment.  The  latter  were  completely 
diffolved,  and  required  about  the  fame  time 
as  cartilage.  But  the  former  underwent  no 
perceptible  diminution,  though  it  continued 
upwards  of  eighty  hours  in  my  ftomach.  I! 
likewile  fwallowed  a naked  ball  of  hard  beef 
bone  three  lines  in  diameter,  and  in  thirty- 
three  hours  voided  it  undiminifhed. 

It  is  therefore  certain,  that  the  ftomach  is 
capable  of  digefting  not  only  mufcular  fibres, 
but  membrane,  tendon,  cartilage,  and  even 
bone  itfelf,  provided  it  is  not  too  hard  ; 
though  moft  phyfiologifts  and  phyficians 
have  been  led  to  adopt  a contrary  opinion  by 
obferving,  that  thefe  fubftances  are  evacuated 
unaltered.  But  this  is  no  proof  that  they  are 
indigeftible  (for  if  they  had  made  the  expe- 
riment on  themfelves,  and  weighed  the  fub- 
ftances, they  would  have  obferved  a wafte), 
it  only  lhews,  that  they  are  not  fo  foon  di- 
gefted  as  other  kinds  of  food,  which  are  dii-: 
folved  in  a few  hours;  whereas,  membrane, 
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tendon,  cartilage,  &c.  require  feveral  days, 
on  account  of  their  tenacity  and  hardnefs. 

Let  no  one  fuppofe,  that  my  flomach,  be- 
ing flronger  than  common,  is  capable  of  di- 
gesting what  that  of  others  cannot  digeft.  I 
own,  with  concern,  that  it  is  weak,  as  is 
ufual  in  thofe  whofe  purfuits  condemn  them 
to  a fedentary  and  unwholefome  way  of  life. 
My  flomach  digefts  food  fo  ilowly,  that  I 
cannot  ftudy  for  five  or  fix  hours  after  a 
fparing  dinner,  and  am  liable  to  indigeftion 
whenever  I feed  more  plentifully  than  com- 
mon. 

Before  I quit  this  fubjedt  let  me  obferve, 
that  though  I have  mentioned  the  galtric 
juices  as  the  efficient  caufe  of  digeflion  in 
the  experiments  on  myfelf,  yet  I mean  not 
to  exclude  thofe  of  the  inteflines  from  their 
filare.  We  know,  that  the  fmall  inteflines 
complete  the  procefs  of  chylijication , which 
is  but  begun  in  the  llomach.  I muft  there- 
fore allow,  that  the  digeflion  of  animal 
and  vegetable  fubflances  in  the  bags  and 
tubes  is  perfected  in  the  inteflines.  But  this 
is  not  in  the  leaf!  repugnant  to  the  refult  of 
thofe  experiments  that  fliew  the  human  .fto- 
mach to  be  deflitute  of  any  triturating  force, 
and  digeflion  to  be  the  effedt  of  the  gaflric 
fluid  alone,  though  the  fluid  which  is  le- 
creted  by  the  fides  of  the  fmall  inteflines  may- 
complete  the  procefs. 

CCXV.  In  the  CCIIId  paragraph  I re- 
marked, that  the  chief  experiments  on  man 
were  reducible  to  two  heads,  thofe  which 
relate  to  the  natural  procefs,  as  it  may  be  ob- 
ferved  by  means  of  tubes  and  fuch  contri- 
vances, and  thofe  which  relate  to  artificial 
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digeffion,  provided  the  gaflric  juices  can  be 
procured.  Having  treated  the  former  of  thefe 
divifions  as  well  as  circumflances  would  per- 
mit, it  remains  for  me  to  make  fome  enqui- 
ries relative  to  the  fecond.  it  was  firft  nc- 
ceflary  to  devife  a method  of  procuring  the 
gaflric  fluid.  The  firffc  idea  that  ftruck  me 
was  to  fearch  for  it  in  dead  bodies,  but  after 
examining  feveral  ftomachs  I was  obliged  to 
abandon  this  fearch  ; for  they  were  either 
without  any  fluid,  or  elfe  what  they  contain- 
ed was  fo  turbid  and  fo  much  adulterated 
with  heterogeneous  matters,  that  it  would  by 
no  means  fuit  my  purpofe.  Nor  were  the 
little  fpunges,  which  had  ferved  fo  well  in 
animals,  better  adapted  to  the  prefen t occa- 
fion.  Two  fpunges  would  not  fupply  me. 
with  a fufficient  quantity,  and  I could  ven- 
ture only  to  fwallow  two  tubes  at  once,  for 
fear  of  forming  an  cbftrudtion  in  my  fto- 
mach.  Befides,  the  juice  thus  procured 
would  have  been  very  impure,  on  account  of 
the  heterogeneous  matters'  that  the  tubes 
muff  neceflarily  have  imbibed  during  their 
paffage  through  the  inteftines. 

There  remained  only  to  obtain  it  by  ex- 
citing vomiting  while  the  ftomach  was  emp- 
ty. To  effedt  this,  I chafe  rather  to  tickle 
the  fauces  than  drink  warm  water,  as  in  this 
cafe  the  gaftric  fluid  muff  have  been  diluted. 
In  this  manner  therefore,  before  I took  meat 
or  drink,  I procured  in  two  mornings  a quan- 
tity fufficient  for  a few  experiments,  of  which 
the  refult  fhall  be  related  below.  I could 
have  wifhed  to  have  made  a greater  number, 
but  the  difagreeable  feelings  occafioned  by  the 
adtof  vomiting,  the  convujfions  of  my  whole 
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frame,  and  more  efpecially  of  my  ftomach, 
that  continued  for  fèveral  hours  after  it,  left 
upon  my  mind  fuch  a repugnance  for  the 
operation,  that  I was  abfolutely  incapable  of 
repeating  it,  notwithftanding  my  earned;  de- 
fire of  procuring  more  gaftrie  liquor. 

CCXVI.  I was  therefore  obliged  to  con- 
tent myfelf  with  what  thefe  two  vomits  af- 
forded me.  The  firft  time  it  amounted  to  an 
ounce  and  thirty-two  grains.  It  was  frothy 
at  its  being  thrown  up,  and  fomewhat  glu- 
tinous. After  it  had  been  at  reft  a few  hours 
and  depofited  a finali  fediment,  it  was  as  lim- 
pid as  water.  It  was  a little  fait  to  the  tafte, 
but  not  at  all  bitten  It  did  not  either,  when 
thrown  on  the  fire  or  brought  near  a candle, 
fhew  any  token  of  inflammability  [a).  It 

(a)  From  this  and  the  LXXXIft,  CXXIIId* 
CXLIXth,  and  CLXXXVth  paragraphs  we  may  colledtj 
that  the  gaftrie  juices  both  of  man  and  animals  are  defti- 
tute  of  inflammability.  I made  thefe  experiments,  becaufe 
Reaumur  thought  that  that  of  his  kite  was  inflammable, 
which  quality  Dr;  Batigne  imputes  to  the  bile,  a fluid 
confifting  principally  of  oil  ( premiere  Reflexion  fur  let 
Exper.  de  Reaumur).  But  were  this  true,  the  gaflric 
juices  of  moft  of  my  birds  ought  to  have  taken  fire.  As 
all  mine -are  contrary  to  Reaumur’s  finglé  experiment,  I 
fhould  fufpedt,  that  what  he  obferved  was  owing  to  ac- 
cident. His  experiment  was  the  follbwing  : To  take 
away  the  fmell  of  putrid  flefli,  which  one  of  his  tubes  had 
acquired}  he  fet  it  upon  fome  burning  coals,  when  im- 
mediately there  ifi'ued  a flame  from  the  infide  that  lafted 
above  a minute  (Seconde  Meni.);  But  it  is  eafy  to  per- 
ceive, that  this  might  have  been  owing  to  fobie  fat  of  the 
flefh  enclofed  adhering  to  the  tube.  1 am  more  confirm- 
ed in  this  fufpicion  from  having  obferved,  that  the  gaftrie 
fluid  of  a kite}  fuch  as  Reaumur’s,  mentioned  in  a note 
to  paragraph  CLXXV.  was  not  more  difpofed  to  take  fire 
than  the  other  gaftrie  juices  which  I examined; 
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evaporated  in  the  open  air,  and  when  I put 
fifty-two  grains  into  a vefiel  and  fet  it  on  hot 
coals,  it  emitted  a thick  fmoke.  Another 
fmall  portion,  weighing  eighty-three  grains, 
was  put  in  a phial,  which  was  clofed  with 
a ftopple  to  prevent  it  from  evaporating.  It 
did  not  change  colour  or  tafte,  nor  did  it  ac- 
quire any  bad  fmell,  notwithftanding  it  was 
kept  above  a month  in  the  hotteft  feafon  of 
the  year.  I thus  employed  about  one  half, 
the  remainder  was  ufed  for  an  attempt  to  ob- 
tain artificial  digeftion.  It  was  put  into  a 
glafs  tube  two  inches  long,  lealed  hermeti- 
cally at  one  end,  and  very  narrow  at  the  other; 
I then  introduced  a fmall  qùantity  of  mafti- 
cated  boiled  beef,  and  flopping  the  tube  with 
cotton,  fet  it  in  a firove  clofe  to  a kitchen 
fire,  where  there  was  a confiderable  heat, 
though  not  perhaps  exactly  equal  to  the  tem- 
perature of  my  ftomach.  By  the  fide  of  this 
tube  I placed  another,  containing  the  fame 
quantity  of  flefh  immerfed  in  water.  The 
appearances  in  both  were  the  following  : In 
twelve  hours  the  flefh  in  the  former  began 
to  lofe  its  fibrous  ftrudture,  and  in  thirty- 
five  it  had  fo  far  loft  its  confiftence,  that  when 
I attempted  to  lay  hold  of  it,  it  Hipped  from 
between  my  fingers.  But  though  to  the 
naked  eye  it  appeared  to  be  reduced  to  a pul- 
taceous  mafs  and  to  have  loft  its  fibrous  tex- 
ture, yet  the  microfcope  rendered  the  fibres 
vifible  ; they  were  however  reduced  to  a great  ; 
degree  of  minutenefs.  After  this-  femifluid 
fhapelefs  mafs  had  continued  two  days  longer 
in  the  gaftric  fluid,  thefolution  did  not  feem 
to  have  made  any  further  progrefs,  and  the 
reduced  fibres  were  ftill  juft  as  apparent.  The 
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flefh  did  not  emit  the  lead;  bad  fmell,  while 
that  immerfed  in  water  was  putrid  in  fixteen 
hours,  and  became  worfe  and  worfe  the  two 
following  days.  It  loft  in  fome  meafure  its 
fibrous  ftru&ure,  as  always  happens  during 
putrefaction  ; but  this  appearance  did  not  pro- 
ceed fo  far  as  in  the  other  portion,  for  the 
fibres  were  entire  on  the  third  day. 

CCXVII.  I vomited  the  fecond  time  more 
gaftric  fluid,  and  was  now  enabled  to  exa- 
mine it  again  as  I had  done  before  ; and  it 
appeared  to  poflefs  exaCtly  the  fame  proper- 
ties. In  order  to  determine  the  influence 
of  heat  two  tubes  were  filled  with  it,  and 
fome  flefh  was  immerfed  as  before  (CCXVI)„ 
One  of  the  tubes  was  placed  in  the  ftove, 
and  the  other  left  in  the  open  air.  In  the 
former  the  flefh  was  juft  as  much  diflolved  as 
in  the  preceding  experiment  ; but  in  the  lat- 
ter the  folution  proceeded  no  farther  than 
when  water  was  employed  (GCXVI).  There 
was  however  no  putrid  fmell,  though  the 
flefh  was  left  immerfed  in  the  gaftric  fluid 
feven  days. 

Before  I conclude  this  account,  I muft 
mention  a circumftance  that  happened  the 
fecond  time  I procured  gaftric  liquor  by  vo- 
miting. Four  hours  before  I fu  omitted  to 
this  difagreeable  operation,  I had  fwallowed 
two  tubes  filled  with  beef,  one  of  which  was 
thrown  up  ; the  flefh  was  throroughly  foak- 
ed  in  the  fluid  of  the  ftomach,  and  the  fur- 
face  was  foft  and  gelatinous  ; it  it  had  more- 
over wafted  from  fifty-three  to  thirty-eight 
grains.  This  experiment  proves,  that  there 
is  a confiderable  degree  of  digeftion  in  the 
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ftomach,  before  the  food  pafles  into  the  in- 
teftines. 

CCXVIII.  We  may  now  fafely  lay  down 
fome  general  confequences  concerning  di- 
geftion  in  Man  and  animals.  In  the  experi- 
ments on  birds  with  mufcular  ftomachs,  we 
have  fepn  how  trituration  difpofes  the  food 
to  be  digefted.  Hence  Nature  has  furnifhed 
this  clafs  with  gaftric  mufcles  of  fufficient 
power  to  effeft  this  qeceflary  preparation. 
But  we  have  likewife  feen  how  digeftion, 
which  confifts  in  the  tranfmutation  of  the 
aliment  into  ' chyme,  is  the  eftecft  of  the 
juices  alone  with  which  the  ftomach  abounds 
(Did'.  I). 

We  next  proceeded  to  birds  with  interme- 
diate ftomachs,  fuch  as  crows  and  herons, 
and  found,  that  in  them  digeftion  was  owing 
to  the  gaftric  fluid  alone  (Dili.  II). 

We  next  confidered  animals  with  mem- 
branous ftomachs,  a clafs  fo  numerous  and 
various,  that  it  comprehends  almoft  every  fa- 
mily of  living  creatures  ; it  includes  the  in- 
habitants of  fait  and  frefh  water  ; amphibi- 
ous animals,  as  the  frog,  the  newt,  and  water- 
fnake  ; reptiles,  as  the  viper,  the  land-fnake, 
and  many  others  ; quadrupeds,  as  the  cat,  the 
dog,  the  horfe,  the  ox  ; birds,  as  birds  of 
prey  : to  this  catalogue  Man  himfelf  is  alfo 
to  be  added. 

In  feveral  of  thefe  animals  we  have  feen 
the  neceflìty  of  previous  trituration,  as  in 
the  ruminating  order  and  in  Man  -,  in  them 
it  is  produced  by  the  teeth,  as  in  gallinace- 
ous fowls  by  the  mufcles  of  the  ftomach. 
But  in  others,  as  in  the  frog,  the  newt,  fer- 
pents,  and  birds  of  prey,  it  does  not  at  all 
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contribute  to  digeflion.  But  in  the  latter,  as 
well  as  the  former  cafes,  we  have  feen  how  the 
food  is  diffolved  and  digefted  by  the  gaftric 
fluid  (Dili.  Ill,  IV). # 

In  every  order  of  animals,  Nature,  ever  uni- 
form in  her  operations,  employs  one  princi- 
ple for  the  performance  of  this  vital  func- 
tion. Hence  (he  has  fo  copioufly  furnilhed 
the  cefophagus  and  ftomach  with  glands,  fol- 
licles, and  other  contrivances  that  anfwer 

I the  fame  end,  whence  continually  flow  the 
juices  fo  neceftary  to  the  life  of  Man  and 
animals.  Thefe  juices  agree  in  many  pro- 
perties, but  the  difference  of  effedt  fhews, 
that  they  differ  in  others.  In  the  frog,  the 
newt,  fcaly  Allies,  and  other  cold  animals, 
the  gaflric  fluid  produces  digeflion  in  a tem- 
perature nearly  equal  to  that  of  the  atmo- 
lphere.  But  the  gaftric  fluid  of  hot  animals 
H is  incapable  of  diflolving  the  aliment  in  a de- 
J gree  of  heat  lower  than  that  of  the  animals 
I themfelves.  There  is  alfo  a difference  in 
) celerity  of  adtion,  and  in  eflicacy.  In 

I celerity,  becaufe  the  food  in  hot  animals 
is  digefted  in  a few  hours;  whereas,  in  the 
11  oppoflte  kind  it  requires  feveral  days  and  even 
weeks,  particularly  in  ferpents.  In  eflicacy, 
becaufe  the  gaftric  juices  of  fonie  animals, 
as  the  gallinaceous  clafs,  can  only  diffolve 
bodies  of  a foft  and  yielding  texture,  and 
fuch  as  have  been  previoufly  triturated;  while 
thofe  of  others,  as  ferpents,  the  heron,  birds 
of  prey,  the  dog,  decompofe  fubftances  of 
great  tenacity,  as  ligament  and  tendon,*  and 
of  confiderable  hardnefs,  as  the  1110ft  rigid 
bone,  Man  belongs  to  this  divifton;  but  his 
gaftric  fluid  feems  to  have  no  adtion  on  the 
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hardeft  kind  of  bones.  Further,  fome  fpe-r 
cies,  as  birds  of  prey,  are  incapable  of  di- 
gefting  vegetables,  But  Man,  the  dog,  the 
cat,  crows,  &c.  diffolve  the  individuals  of 
both  kingdoms  alike.  In  general  thefe  juices 
produce  their  effedts  out  of  the  body,  as  the 
numerous  inftances  of  incipient  digeftion  un- 
der this  circumftance,  both  with  the  gaftric 
fluid  of  animals  and  Man  abundantly  fhew. 

CCXIX.  Having  thus  brought  into  one 

fjoint  of  view  the  principal  circuiriftances  re- 
ati ve  to  the  efficient  caufe  of  digefcion,  let 
us  compare  them  with  what  has  been  moft 
plauhbly  written  upon  this  topic  fo  intereft- 
ing  to  the  phyftcian.  The  opinion  that  pre- 
vails chiefly  in  the  fchools  of  Europe  is  that 
advanced  by  Boerhaave,  who  has  in  truth 
done  nothing  but  reconcile  the  opinions  that 
had  been  propofed  at  different  times  before 
him.  He  obferves,  in  the  firft  place,  that 
the  various  folid  and  fluid  fubftances  which 
ferve  for  food,  being  received  into  a clofe, 
moiff,  and  warm  veffel,  muff,  according  to 
the  nature  of  each,  fooner  or  later  begin  to 
ferment  or  putrefy.  There  are  alfo  various 
fluids  continually  running  into  the  cavity  of 
the  ftomach,  viz.  the  faliva,  the  oefophageal 
liquor,  that  thin  tranfparent  fluid  which  is 
fecreted  by  the  gaftric  arteries,  and  a vifcid 
humour  fecreted  by  glands  in  the  ftoniach. 
If  we  confider  the  properties  of  thefe  ingre- 
dients, and  moreover  take  into  the  account 
the  remains  of  the  food  which  ferve  as  a 
ferment,  the  air  which  produces  an  inteftine 
movement  of  the  integrant  parts,  the  heat 
which  excites  this  heterogeneous  mais,  we 
ftia.ll  find,  that  the  aliment  will  be  macerated, 
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I diluted,  attenuated,  diffolved,  determined  to 
I an  incipient  fermentation,  and  in  fhort,  im- 
I prefled  with  the  primary  principle  of  vitality. 
I Thus  it  is  that  Boerhaave  explains  the  di- 
I geftion  of  foft  food.  With  -refpedt  to  that 
I of  a firmer  texture,  imagining,  that  the  caufes 
I above  recited  are  infufficient  to  explain  the 
I digeftion  of  them,  he  has  recourfe  to  the  tri— 
! turating  power  of  the  ftomach,  produced  by 
V the  adtion  of  the  mufcular  coat,  and  the  pul- 
I fation  of  the  aorta  and  the  other  adjacent  ar- 

!!  teries  ; the  nervous  fluid,  which  perhaps  flow's 
into  the  ftomach  more  copioufly  than  elfe- 
where  ; and  laftly,  the  continual  and  ftrong 
compreflion  of  the  diaphragm  and  abdominal 
mufcles.  In  confequence  of  thefe  additional 
caufes,  in  the  firft  place,  the  food  will  be  broken 
down  into  a pulp,  and  acquire  a cineritious 
hue;  fecondly,  the  fibres,  tendons,  carti- 
I lages,  &c.  will  be  deprived  of  their  juices 

Ì while  they  retain  their  cohefion  ; thirdly, 
from  vegetable  and  animal  fubftances  thus 
difiolved,  will  be  produced  a fluid  refembling 
J our  humours. 

CCXX.  Thus  has  this  celebrated  phyfi- 
cian  explained  his  ideas  concerning  digeftion 
in  his  Inftitutions.  He  fuppofes,  that  there 
are  two  principal  agents  in  this  vital  function, 
viz.  the  different  , fluids  that  are  collected  in 
the  ftomach,  and  the  mechanical  adtion  of 
that  organ  ; the  fecondarv  agents  are  heat, 
air,  the  nervous  fluid,  the  remains  of  the 
food,  and  an  incipient  fermentation. 

With  refpedt  to  the  gaftric  fluid,  his  ideas 
were  indeterminate  and  unfettled.  On  com- 
paring this  paffage  with  his  Pneledtions  it 
will  appear,  that  he  conceived  that  it  adted  in 
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the  folution  of  the  food  like  a fimple  diluent, 
like  water  heated  to  the  fame  degree.  But 
fadts  without  number  related  qbove  fhew, 
that  it  does  not  aft  in  this  manner,  but  as  a 
a real  folvent.  That  the  folution  is  more 
fpeedy  and  effettuai  than  that  obtained  by- 
mere  water,  appears  from  experiments  equally 
numerous.  Moreover,  this  fluid  does  not 
diffolve  foft  and  yielding  fubftapces  only,  but 
the  hardeft  and  mod;  tenacious,  contrary  to 
Boerhaave’s  opinion. 

With  refpett  to  trituration,  the  attentive 
reader  will  eafily  anticipate  my  aniwer.  How- 
ever remarkable  the  effetts  produced  by  the 
mechanical  attiop  of  mufcular  ftomachs. 
may  be,  intermediate  apd  membranous  fto- 
machs  have  no  fuch  power.  I have  made 
particular  obfervations  on  the  ftomach  of  the 
dog,  which  fo  nearly  refembles  that  of  Man, 
and  it  never  appeared  to  have  any  motion  fuf- 
ficient  to  break  down  the  food.  This  was 
not  only  proved  by  thin  tubes  receiving  no 
injury,  but  by  infpettion  of  the  ftomach 
during  the  time  of  digeftion  (CXCIX,  CC). 
The  reader  will  find  fimilar  proofs  taken  from 
the  effetts  produced  by  my  own  ftomach,  in 
the  CCIXth  and  CCXth  paragraphs.  Thefe 
dirett  arguments  fhew  the  infufficiency  of 
the  Boerhaavian  hypothefis.  It  is  befides 
eafy  to  fhew  its  falfity,  by  examining  the  foun- 
dation on  which  it  refts.  He  deduces  the 
triturating  power  from  the  attiop  of  the 
mufcular  coat  and  the  contiguous  parts  ; but 
this  coat  is  fo  thin  in  membranous  ftomachs, 
that  its  effetts  muft  needs  be  incopfiderable. 
Nor  is  the  preffure  of  the  adjacent  parts  of 
mnch  importance,  at  leaf!  in  the  cat  and  dojg; 

for 
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for  upon  opening  the  abdomen  and  feeling 
the  ftomach,  I perceived  nothing  but  the 
pulfation  of  the  arteries,  as  I had  before 
done  in  fome  birds  with  mufcular  ftomach s 
(XXXVIII).  But  this  pulfation  does  not 
comprefs  the  ftomach.  I likewife  perceived 
by  my  touch,  that  this  vifcus  is  affeCled  by 
the  vibrations  of  the  neigbouring  arteries- 
but  the  effects  of  thefe  vibrations  are  not 
more  confiderable  than  the  pulfation  of  its 
own  arteries.  The  whole  ftomach  was  lifted 
up,  and  deprefled  by  the  motion  attending 
refpiration.  The  periftaltic  movement  was 
alfo  general  in  fome  cafes  ; but  the  former 
did  not  produce  contraction,  and  the  con- 
traction produced  by  the  latter  was  geqtle, 
and  incapable  of  triturating  the  aliment.  It 
could  only  agitate,  and  thus  difpofe  it  to  be 
more  readily  diiTolved. 

CCXXI.  Heat,  I readily  agree  with  Bo- 
erhaave,  in  conlideringas  a co-operating  caufe. 
My  experiments  prove  its  great  importance. 
Though  the  gaftric  fluid  is  not  innamrpable 
(LXXXI,  CXXIII,  CXLIX,  CLXXXV, 
CCXVI),  yet  it  is  difpofed  by  warmth  toin- 
finuate  itlelf  into,  digeftible  fubftances,  and 
reduce  them  to  that  gelatinous  matter  which 
ferves  immediately  for  nutriment.  The  fame 
obfervation  is  applicable  to  menftrua  in  ge- 
neral , 

I willingly  admit,  that  particles  of  air,  while 
they  are  extricated  from  the  food  among 
which  they  are  entangled  by  means  of  the 
faliva,  contribute  to  its  more  fpeedy  folution. 

But  I cannot  fo  readily  allow,  that  digef- 
tion  is  promoted  by  the  nervous  fluid  flowing 
cqpioully  into  the  ftomach  ; for  its  very  exift- 

ence 
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enee  is  uncertain,  and  the  hypothecs  is  alto- 
gether without  foundation. 

Much^  lefs  lefs  can  I grant,  that  the  re- 
mains of  the  aliment  ferve  any  fuch  purpofe 
as  he  aferibes  to  them.  The  great  Haller 
juftly  obfei  ves,  that  our  appetite  and  digef- 
tion  are  good  only  when  the  ftomach  is  emp- 
ty (a).  I have  had  feveral  opportunities  of 
feeing  this  confirmed.  When  I fed  a crow, 
a heron,  or  a falcon  fparingly,  the  ftomach 
would  be  empty  in  fix  or  leven  hours  ; when 
they  would  take  food  again  very  greedily  and 
digeft  it  completely,  as  I found  upon  open- 
ing the  ftomach. 

Whether  an  incipient  fermentation  contri- 
butes to  digeftion,  according  to  the  opinion 
of  tluis  writer,  is  a queftion  which  fhall  be 
examined  at  fome  length  in  the  following 
differtation,  as  it  has  been  the  fubjed  of 
many  modern  experiments. 

Laftly,  I muft  again  differ  from  him  with 
refped  to  fibres  of  fkfh,  membrane,  tendon, 
cartilage,  bone,  which,  in  his  opinion,  are 
not  digefted  in  the  human  ftomach,  but  only 
have  their  juices  expreffed;  for  the  experi- 
ments I made  on  mylelf  prove,  that  the  folid 
parts  are  really  diffolved,  if  we  except  only 
the  hardeft  bones  (CCV,  CCVIII,  CCXII, 
CCXIII,  CCXIV).  As  Boerhaave  endea- 
voured to  reconcile  the  various  opinions  of 
phyficians  concerning  digeftion,  he  feenrs  in- 
clined to  adopt  in  fome  meafure  the  notion  of 
thofe  who  fuppofe,  that  the  office  of  the  fto- 
mach  confifts  in  extrading  the  juice  of  ani-- 
mal  and  vegetable  matters,  among  whom 
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Mr.  Hecquet  has  particularly  diltinguilhed 
himfelf.  And  a note  to  this  pafiage,  in  which 
he  obferves,  that  the  Items  of  hay  are  itili 
vifible  in  the  dung  of  the  horfe  and  the  ox, 
notwithlfanding  it  is  chewed  fo  often  by  the 
latter,  itili  more  clearly  explains  his  idea.  I 
confidered  it  as  of  great  importance  to  en- 
quire, whether  the  fame  thing  happens  in 
animals  belonging  to  other  daffies,  which 
was  really  the  cafe  in  fome.  We  have  feen, 
that  the  two  fpecies  of  crow  above-mention- 
ed are  both  granivorous  and  carnivorous.  I 
fometimes  fed  them  with  wheat  a little  bruif- 
ed,  and  notwitftanding  they  feemed  to  eat  it 
greedily,  their  excrements  confilled  of  dry 
fragments  of  this  grain.  This  likewife  hap- 
pened when  they  had  eaten  tough  flefh.  If  I 
put  the  excrement  in  water  and  fhook  it 
brifkly,  the  greater  part  would  be  fufpended, 
but  a little  would  fall  to  the  bottom;  this, 
upon  examination,  proved  to  be  cellular  fub- 
ffcance  with  a few  mufcular  fibres,  of  which 
the  particles  cohered  pretty  firmly  ; the  long- 
ed; pieces  meafured  about  an  inch.  What 
remained  fufpended  in  the  water  was  more 
than  twice  as  much  as  that  which  fell  to  the 
bottom,  and  Hill  retained  the  characters  of 
fldh.  Young  crows,  which  digelt  more 
fpeedily  than  the  adult  (LXIX),  do  not  com- 
pletely digefi:  tough  meat.  I could  eafily 
find  cellular  fubftance  among  their  excre- 
ment ; but  when  inftead  of  hard  they  were 
fed  with  tender  fidh,  and  with  fome  loft  ve- 
getable inltead  of  wheat,  the  excrement  did 
not  Ihew  the  leal!  appearance  of  this  fort. 

CCXXII.  I made  the  fame  obfervation 
upon  frogs.  As  thefe  animals  generally  feed 
3 upon 
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upon  infeóls,  I often  found  among  the  excre- 
ment, when  treated  in  the  way  juft  defcribed, 
legs,  thighs,  and  wings  of  locufts,  and  the 
crudaceous  parts  of  other  infedts. 

Leuwenhoeck,  upon  examining  the  excre- 
ment of  the  melvel,  found,  that  it  conlifted 
of  filaments  refembling  the  hairs  of  the  beard 
cut  off  by  the  razor;  thefe  filaments  he  fup- 
pofed  to  be  the  undigeded  remains  of  the 
fiflres  which  the  melvel  had  eaten  (a).  I can 
eafily  believe  this  to  have  been  the  cafe,  ef- 
pecially  as  it  coincides  with  an  obfervation 
of  my  own  upon  the  excrement  of  the  tench, 
in  which,  though  I could  not  perceive  any 
flefhy  fibres,  yet  the  fragments  of  bone  were 
didindtly  vifible.  I muff  however  add,  that 
though  I have  examined  the  fceculent  mat- 
ter of  many  other  fifhes  with  glades  of  vari- 
ous magnifying  powers,  I could  never  dif- 
tinguifh  the  lead  atom  that  had  the  charac- 
ters of  animal  or  vegetable  matter.  I have 
obferved  the  fame  thing  in  that  of  nodturnal 
and  diurnal  birds  of  prey.  The  tough  flefh,  of 
which  a finali  part  was  voided  along  with  the 
excrement  of  crows  (CCXXI),  is  entirely  di- 
geded  by  the  eagle,  falcon,  and  owl.  This 
obfervation  may  be  extended  to  a multitude 
of  birds  of  various  kinds,  of  which,  though 
I have  preferved  the  names  in  my  journal,  to 
avoid  prolixity  I will  not  now  enumerate 
them.  Serpents,  though  fo  dow  of  digef- 
tion,  didTolve  their  food  fo  completely,  that 
pot  a vedige  of  any  organized  matter  appears 
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in  their  excrements.  This  at  leaft  I have 
leen  in  vipers,  water  and  land-fnakes. 

Upon  comparing  my  obfervations  upon  ex-» 
crement  with  thole  related  by  Boerhaave  and 
others,  I think  it  mull:  be  concluded,  that 
confidering  animals  in  general,  fome  lub- 
ftances  of  both  kingdoms  are  voided  un^ 
changed  along  with  their  excrements,  be- 
caufe  the  gaftric  fluid  is  incapable  of  dif- 
folving  them;  but  others  are  voided  un- 
changed, only  becaufe  they  do  not  continue 
long  enough  in  the  ftomach  to  be  digefted. 
This  is  fully  proved  by  my  experiments  on 
flelh,  membrane,  tendon,  and  bone,  the  very 
fubftances  of  which  Boerhaave  fuppofed, 
that  the  folid  parts  were  indigeliible.  Flelh 
taken  fpontaneoufly  by  crows,  part  of  which 
is  voided  undigefted,  but  when  kept  many 
hours  in  the  ftomach  is  completely  diftolved, 
furnilhes  another  decifive  proof  of  the  fame 
propoli  tion. 

It  is  furely  not  neceflary  to  add,  that  I do 
not  wilh  by  thefe  ftridtures  to  leften  the  high 
reputation  of  the  Dutch  Hippocrates.  Un- 
provided with  experiments  of  his  own,  he 
collected  the  opinions  of  others,  and  framed 
a fyftem  concerning  digeftion  fo  ingenious 
and  plaufible,  that  I willingly  own  that  I 
formerly  adopted  it,  and  would  not  now  rejedt 
it,  if  I was  not  compelled  by  conclulive  ex- 
periments. 

CCXXIII.  I will  conclude  this  diflertation, 
with  fome  remarks  on  a problem  clofely  con- 
nected with  relearches  concerning  the  effici- 
ent caule  of  digeftion.  Mr.  Hunter,  one  of 
the  belt  Englilh  anatomifts  of  the  prefent 
age,  frequently  in  opening  dead  bodies, 

found 
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found  the  great  curvature  of  the  ftomach 
confiderably  eroded,  and  fometimes  entirely 
diffolved.  In  the  former  cafe,  the  edges  of 
the  wound  were  as  foft  as  half-digefted  food, 
and  the  contents  of  the  ftomach  had  got  into 
the  cavity  of  the  abdomen.  The  author  ob- 
ferves,  that  fuch  a wound  cannot  have  exifted 
in  life,  having  no  connection  with  the  dif- 
eafe,  and  more  frequently  appearing  in  per- 
fons  who  have  died  violent  deaths.  In  or- 
der to  difcover  the  caufe  of  this  phenome- 
non, he  examined  the  ftomachs  of  various 
animals,  both  immediately  and  fome  time 
after  death.  He  obferved  in  feveral  the  fame 
appearance.  Hence  he  thought  he  was  en- 
abled to  aflign  the  caufe.  He  fuppofes  the 
folution  to  be«owing  to  a continuance  of  di- 
geltion  after  death,  and  that  the  gaftric  fluid 
is  capable  of  diiiolving  the  ftomach  when 
it  has  now  loft  its  vital  principle.  From 
this  difcovery  he  infers,  that  digeftion  neither 
depends  on  the  aCtion  of  the  ftomach  nor  on 
heat,  but  on  the  gaftric  juices,  which  he  con- 
fiders  as  the  true  menftruum  of  the  food  (a). 

CCXXIV.  When  Mr.  Hunter’s  fhort  but 
fenfible  paper  came  to  my  hands,  I was  en- 
gaged in  experiments  on  -digeftion.  I had 
difcovered  the  primary  importance  of  the  gaf- 
tric fluid  in  this  procefs,  and  that  it  aCts  out  of 
the  body;  that  is  to  fay,  in  the  dead  body^ 
I knew  alfo,  that  after  death  this  fluid  iffiues 
from  the  coats  of  the  ftomach.  From  thefe 
data  I had  little  difficulty  in  believing  the  fad 
related  by  the  Englifh  anatomift,  and  adopt- 
ing his  explanation  of  it  : neverthelefs  it  was 

( a ) Ph.  Tran 
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proper  to  repeat  the  experiment.  Being  un- 
provided with  human  fu bj  efts,  I had  re- 
courfe  to  animals.  Some  were  opened  fooner, 
and  others  later  after  death  ; but  among  the 
numbers  I infpefted,  not  one  had  its  great 
curvature  diffolved,  or  much  eroded.  I fay, 
much  eroded,  becaufe  I have  often  feen  a 
little  eroffon,  efpecially  in  different  fifties,  in 
which,  when  I had  cleared  the  ftomach  of 
its  contents,  the  internal  coat  was  wanting. 
The  injury  was  always  confined  to  the  infe- 
rior part  of  the  ftomach.  If  thefe  fafts  are 
favourable  to  Mr.  Hunter,  a great  number 
are  againft  him.  They  do  not  however  de- 
ftroy  his  obfervations  ; mine  are  only  nega- 
tive, his  are  pofitive  ; and  we  know  that  a 
thoufand  of  the  former  do  not  deftroy  a fingle 
one  of  the  latter,  provided  it  is  well  afcer- 
tained.  I have  no  reafon  to  diftruft  Mr. 
Hunter,  for  his  paper  has  that  air  of  inge- 
nuoufnefs  and  candour  which  ufually  accom- 
panies truth. 

CCXXV.  Thè  ill  fuccefs  of  my  experi- 
ments did  not  induce  me  to  abandon  the  idea 
of  digeftion  after  death,  it  only  led  me  to1 
conffder  it  in  another  point  of  view.  If  it- 
be  true,  faid  I to  myfelf,  that  the  gaftric  fluid 
exerts  its  aftion  after  death,  it  muff  produce 
fome  folution  of  the  food.  Let  then  an  ani- 
mal be  fed  and  immediately  killed,  after  fome 
time  let  it  be  opened,  and  let  us  fee  whether 
the  food  has  been  at  all  digefìed.  I deter- 
mined to  bring  this  obvious  inference  to  the 
teff  of  experiment  ; I therefore  kept  a raven 
faffing  feven  hours  in  order  to  empty  its  ffo- 
mach,  and  then  fet  before  it  an  hundred  and 
fourteen  grains  of  beef,  which  were  imme- 
diately 
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diately  eaten,  and  mud:  have  palfed  into  the 
ftomach,  as  this  bird  has  no  crop.  I then 
killed  it,  and  as  it  was  winter,  put  it  into  a 
Hove,  where  it  was  left  fix  hours;  Sup- 
poling  this  to  be  a fufficient  time  for  the  gaf- 
tric  fluid  to  exert  its  adtion,  I opened  the  ftò- 
mach,  and  found  the  flelli  in  the  following 
Hate.  It  was  impregnated  with  gaftric 
fluid,  and  was  become  tender;  the  colour 
was  changed  to  a pale  red,  and  the  furface 
had  a bitter  tafte,  while  the  internal  parts  re- 
tained the  tafte  of  flelli;  After  the  gaftric 
fluid  was  wiped  away,  it  weighed  only  fifty-, 
two  grains;  it  had  therefore  loft  above  half 
its  weight  in  fix  hours,  or,  what  amounts  to 
the  fame  thing,  was  above  half  digefted.  The 
pylorus,  and  the  duodeniim  for  about  an  inch, 
were  occupied  by  an  alh-coloured  mucus, 
which  mull  mull  have  been  the  diflòlvéd  part 
of  the  flelh. 

At  the  fame  time  I gave  another  raven,  that 
had  in  like  manner  been  kept  falling  feven 
hours,  an  equal  quantity  of  flelli,  and  killed 
it  in  two  hours  and  a quarter;  My  view  was 
to  obferve  the  difference  between  what  had 
lain  fix  hours  in  the  dead,  and  two  and  a quar- 
ter in  the  living  ftomach,  and  it  was  very 
great  ; for  in  this  latter  cafe  the  flelli  was  to- 
tally dilfolved,  except  a few  membranous  pel- 
licles, which  I have  found  to  be  always  longer 
in  being  digefted  than  the  mufcular  fibres; 
the  mucus  was  the  fame  as  before,  only  in 
larger  quantity,  and  occupied  more  of  the 
duodenum.  Thefe  two  experiments  com- 
pared together  prove  two  things,  firll,  that 
digeftion  continues  after  death;  andfecondly, 
that  it  is  then  far  lefs  confiderable  than  in  the 

living 
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living  animal,  though  in  the  present  instance 
the  heat  of  the  hove,  which  was  about 
ioo°  (a),  muli:  have  promoted  it  not  a little. 
The  heat  of  the  living  raven  did  not  exceed 

30°  W* 

CCXXVI.  Another  dead  raven  was  kept 
five  hours  in  the  fame  hove,  after  I had  forced 
two  dead  lampreys,  weighing  together  an 
hundred  and  twelve  grains,  down  its  throat. 
One  lay  in  the  aefophagus,  the  Other  had 
reached  the  homach  and  was  completely  de- 
compofed,  while  the  other  was  indeed  entire, 
but  folt  and  flaccid.  This  accident  proves, 
that  the  gahric  fluid  is  capable  of  producing  a 
leniible  degree  of  digehion  at  a time  when  the 
cefophageal Juices  are  inert. 

CCXXVII.  Thefe  experiments  wrere  made 
in  winter.  I determined  to  repeat  them  the 
next  fitmmer,  becaufe  then  I could  expofe 
the  dead  animals  to  a greater  heat.  Accord- 
ingly in  that  fealbn  fome  bruifed  veal  was 
given  to  two  ravens,  which  Were  immediate- 
ly killed,  and  left  feven  hours  in  a window 
expofed  to  the  fun.  We  have  already  feen 
in  feveral  paflages,  the  influence  of  heat 
in  promoting  artificial  digeltion  ( CXLII, 
CLXXXVI,  CCI,  CCXVII).  Nor  did  it 
now  appear  lefs  confiderable.  Each  raven 
had  eaten  lixty-eight  grains  of  flefh,  of  which 
there  was  not  an  atom  left  entire  ; it  was  all 
diffolved  into  the  uftial  gelatinous  pulp,  and 
the  greater  part  had  palled  through  the  py- 
lorus. 

fa)  Two  hundred  fifty-feven  deg.  Fahr.  Ther. 

( l ')  One  hundred  nine  and  an  half  ditto. 
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Thefe  fads,  I think,  dccifively  prove,  that 
animals,  at  leaf;  the  fpecies  juft  mentioned, 
continue  to  digeft  after  death.  If  we  con- 
iider  the  matter  rigoroufly,  it  will  be  proper 
to  obviate  a difficulty  that  may  be  ftarted. 
However  careful  we  are  to  kill  the  animal 
immediately  after  it  has  fwallowed  food,  it  is 
certain,  that  there  will  be  a fhort  interval 
between  the  time  the  food  gets  into  the  fto- 
maeh  and  the  death  of  the  animal,  and  that 
the  gaftric  fluids  ad  upon  it  during  this  in- 
terval. Moreover,  after  death  they  will  ad 
for  fome  time  juft  as  in  life,  Ance  the  vital 
heat  is  not  inftantly  exftinguifhed.  The  di- 
geftion  therefore  obferved  in  dead  animals 
may,  if  not  entirely,  at  leaf];  in  part,  be  pro- 
duced by  the  gaftric  fluid  ading  during  life, 
and  a fhort  time  after  death. 

Nothing  could  be  more  eafy  than  to  afeer- 
tain  the  juftnefs  of  this  fufpicion,  fince  we 
have  only  to  thruft  a little  food  into  the  fto- 
mach  of  a dead  and  cold  animal,  and  obferve 
the  confequence.  I made  the  experiment 
upon  a raven  that  had  been  dead  an  hour,  and 
had  now  only  the  temperature  of  the  atmo- 
fphere.  Forty-two  grains  of  beef  cut  into 
pieces  were  forced  into  the  ftomach,  which 
was  opened  after  the  bird  had  lain  feven  hours 
expofed  to  the  fun . And  here  inftead  of  pieces 
of  folid  flefti,  I found  only  the  ufual  pulpy 
mafs,  partly  in  the  ftomach  and  partly  in  the 
duodenum.  The  folution  was  therefore  ef- 
fected by  the  gaftric  fluid,  independently  of 
the  powers  of  life. 

CCXXVIII.  The  experiment  was  repeated 
upon  an  owl  and  a blackbird,  which  were 
killed  immediately  after  meat  had  been  given 
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them,  and  left  feven  hours  in  a warm  tem- 
perature. The  flefh  given  to  the  blackbird 
had  been  cut  into  three  pieces,  which  toge- 
ther amounted  to  eighty-two  grains  • the  owl 
had  fwallowed  half  an  ounce  and  fix  grains 
in  one  piece.  Upon  opening  the  ftomachs, 
I found  the  four  pieces  ; but  the  furface  was 
covered  with  a ftratum  of  mucus,  which 
fhewed,  that  the  flefli  had  been  dilfolved. 

I thought,  that  perhaps  if  the  flefh  had  re- 
mained a longer  time  in  the  ftomach  it  would 
be  more  digefted;  but  this  did  not  happen, 
at  leali:  when  I repeated  the  two  preceding 
experiments  under  the  fame  circumftances, 
except  that  the  birds  were  expofed  to  the  fun 
for  twenty-two  hours,  I could  not  perceive, 
that  the  folution  of  the  flefh  was  carried  any 
further.  The  entrails  emitted  a putrid  fmell, 
but  this  was  not  the  cafe  either  with  the  fto- 
mach  or  its  contents. 

CCXXIX.  That  I might  be  warranted  in 
deducing  general  confequences,  I refolved  to 
repeat  this  fingular  experiment  upon  various 
claffes  of  animals,  and  therefore  had  recourfe 
to  fifhes  and  quadrupeds.  Of  the  former, 
the  fifh^market  at  Pavia  only  affords  the  pike, 
carp,  barbel,  tench,  eel,  and  the  like;  but  I 
took  care  to  procure  fuch  as  wrere  very  frefh. 
I introduced  into  the  ftomach  various  animal 
fubftances,  as  little  fifhes,  bits  of  veal  and 
beef,  frogs,  grubs,  &c.  and  opened  them  af- 
ter an  interval,  fometimes  fhorter  fometimes 
longer.  I will  give  in  a few  words  what  is 
fet  down  at  great  length  in  my  Journals. 
The  part  of  tìiefe  fubftances  that  lay  in  the 
cefoplvagus,  a pofition  which  they  often  had, 
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was  unaltered  ; this  was  fometimes  the  cafe 
with  that  which  had  got  into  the  domach, 
but  it  was  generally  more  or  lefs  eroded.  A 
circumdance  refepdting  frogs  deferves  to 
be  mentioned.  The  tough  fkin  of  thefe  ani- 
mals was  often  dedroyed,  efnecially  at  the 
bottom  of  the  domach  ; and  where  it  hill 
remained  it  was  fo  much  loftened,  that  the 
flighted;  force  was  fufficient  to  lacerate  it. 
Hence  it  appears,  that  the  gaflric  fluid  of 
fifhes  retains  its  property  of  diflblving  flelh, 
but  in  an  inferior  degree  to  that  of  birds, 
flnce  it  did  not  dilfolve  fo  much. 

CCXXX.  The  quadrupeds  upon  which  I 
made  thefe  experiments,  were  dogs  and  cats. 
After  keeping  them  fafting  many  hours,  I 
gave  them  a certain  quantity  of  flefh,  and 
then  ftrangled  them  without  delay.  Of  three 
dogs  and  three  cats,  two  of  the  former  and 
as  many  of  the  latter  were  expofed  to  the  fun 
for  nine  hours  ; the  others  were  left  in  the 
flhade.  In  the  fil'd  the  furface  of  the  flefh 
was  gelatinous  as  ufual,  but  in  the  lad:  this 
appearance  was  fcarce  perceptible.  Thefe 
experiments  confirm  the  utility,  I fliould  ra- 
ther fay,  the  neceflity  of  heat  to  digedion  in 
many  animals. 

CCXXXI.  To  conclude  this  curious  en- 
quiry, I refolved  to  fee  what  change  would 
take  place  upon  flefh  when  the  domach  was 
taken  out  of  the  body.  I made  this  experi- 
ment upon  a cat,  a raven,  and  an  owl.  Hav- 
ing fed  them  fparingly,  I cut  out  the  do- 
mach, and  threw  ligatures  round  the  cardia 
and  pylorus  to  prevent  the  contents  from  get- 
ting out.  They  were  expoled  to  the  fun  in 
i a veflel 
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a veflel  of  water,  left  the  heat  fhould  dry 
them.  In  five  hours  and  an  half  they  were 
opened  : the  water  had  tranfuded  through  the 
coats  ; the  furface  of  the  flefh  was  a little 
gelatinous,  efpecially  in  the  ftomach  of  the 

Ì raven  and  owl  ; but  the  folution  was  trifling, 
in  companion  with  that  which  took  place 
when  the  ltomach  was  left  in  the  body.  This 
was  what  might  be  expedted,  when  the  cefo- 
phagus  no  longer  poured  its  liquor  into  the 
ftomach. 

In  thefe  experiments  I did  not  perceive  any 
erolion  of  the  ftomach,  any  more  than  in  thole 
made  with  the  view  of  verifying  Mr.  Hun- 
ter’s (CCXXIV).  I only  law  what  I had 
feen  before  (ibid),  a flight  excoriation  of 
the  inferior  part.  We  mult  therefore  infer, 

I that  the  coats  of  the  ftomach  fuffer  lefs  after 
death  than  flefh  introduced  into  it.  I fet  be- 
fore an  hungry  dog  fome  pieces  cut  out  of 
the  ftomach  of  another  dog  ; he  ate  them 
without  hefitation,  and  was  killed  immedi- 
ately. After  the  body  had  lain  in  a warm 
fitqation  nine  hours,  the  ftomach  was  open- 
ed. The  pieces  were  fenflbly  diflolved,  blit 
no  change  was  produced  upon  the  ftomach 
of  the  animal,  if  we  except  the  large  curva- 
ture, which  was  fo  much  macerated,  that  the 
villous  coat  might  eafily  be  rubbed  off.  It 
is,  I think,  not  difficult  to  affign  the  reafon, 
why  the  ftomachs  of  dead  animals  are  not 
liable,  like  their  contents,  to  be  diffolved. 
Thefe  bodies  are  inverted  on  all  rtdes  by  the 
gaftric  fluid,  whereas  it  abts  only  on  the  in- 
ternal furface  of  the  ftomach. 

Upon  reviewing  the  experiments  related  in 
the  CCXXVth  and  following  paragraphs  it 
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cannot,  I think,  be  doubted,  that  digeftion 
goes  on  for  fome  time  after  death.  I there~ 
fore  entirely  agree  fo  far  with  the  celebrated 
Englifh  anatomift,  but  I cannot  with  him 
iuppofe,  that  this  function  is  independent  of 
heat  (CCXXIII);  numberless  fads  related, 
jn  this  work  fully  prove  the  con  tray, 
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WHETHER  THE  FOOD  FERMENTS  IN  THE 
STOMACH. 


CCXXXII.  T WILL  now,  agreeably  to  my 
promife  in  the  foregoing  dif- 
fertation  (CCXXI),  enquire  whether  the  food 
ferments  in  the  ftomach.  This  opinion  was 
almolt  univerfally  adopted  by  phyficians  about 
the  middle  of  the  Taft  century,  an  sera  at 
which  the  explanation  of  the  various  func- 
tions of  the  human  body  was  fought  in  fer- 
mentations of  various  kinds,  as  it  had  be- 
fore been  in  a fubtile  matter,  as  it  has  lìnee 
been  in  electricity,  and  is  at  prefen t in  divers 
forts  of  elaltic  fluids.  This  notion  was  af- 
terwards combated  among  others  by  Boer- 
haave,  who  found,  by  direCt  obfervations, 
that  this  multiplicity  of  fermentations  did 
not  exilt  in  nature,  but  was  merely  the  fug- 
geftion  of  fancy.  Of  the  numberlefs  modi- 
fications of  this  procefs,  which  phyflologilts 
had  imagined,  he  admitted  only  that  very  li- 
mited and  imperfeCt  one,  which,  according 
to  him,  takes  place  in  the  ftomach.  The 
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food  in  the  ftomach  of  animals,  and  parti- 
cularly of  Man,  is,  in  his  opinion,  in  cir- 
cumftances  highly  favourable  to  fermenta- 
tion. The  faliva  and  the  gaftric  fluid  ferve 
inftead  of  water;  the  free  accefs  of  air,  the 
clofenefs  and  heat  of  the  ftomach,  the  nature 
of  the  food  itfelf  neceflarily  produce  fermen- 
tation, as  is  farther  evident  from  the  eruc- 
tations confequent  upon  taking  food,  and  the 
rumbling  noife  frequently  heard  in  the  belly. 
But  the  fhort  continuance  of  the  food  in  that 
vifcus,  and  other  caufes,  prevent  the  procefs 
from  being  ever  carried  to  its  utmoft  pitch. 

CCXXXIII.  Thus  far  only,  according  to 
Boerhaave  and  his  followers,  does  the  fer-. 
mentation  of  the  food  proceed  in  the  fto- 
mach. This  limitation  has  been  thought 
too  great  by  Dr,  Pringle  and  Dr.  Macbride, 
two  celebrated  modern  phyflcians.  They 
And  no  difficulty  in  fuppoftng,  that  a coim 
plete  fermentation  takes  place  in  digeftion, 
and  that  it  is  the  chief  agent  in  this  impor- 
tant fundfion.  In  their  refearches  on  this 
fubjedt,  they  have  endeavoured  to  imitate  the 
operations  of  nature  out  of  the  body.  They 
took  various  animal  and  vegetable  fubftances, 
fuch  as  are  ufed  every  day  for  food  ; they 
placed  them  both  by  themfelves,  and  mixed 
with  feveral  other  fubftances  in  a warm  tem- 
perature, adding  a quantity  of  water  or  fali- 
va. Under  thefe  circumftances  they  found, 
that  they  fooner  or  later  began  to  ferment; 
that  this  procefs  afterwards  ran  very  high, 
then  abated,  and  at  laft  ended  in  the  decom- 
pofitiop  of  the  feveral  fubftances,  which  ac- 
quired alfo  a fweet  tafte.  Thefe  different 
gradations  of  fermentation  were  evident  from 


253 


DISSERTATION  VI. 

the  fwelling,  rarefadlion,  and  inteftine  move- 
ment of  the  mais,  from  the  generation  of  a 
multitude  of  air-bubbles,  and  from  the  fub- 
fiances  which  at  firft  funk  to  the  bottom,  at 
length  floating  on  the  furface  of  the  fluid, 
Thefe  experiments  firft  made  by  Pringle,  and 
afterwards  repeated  and  yaried  by  Macbride, 
determined  them  both  to  confider  digeftion  as 
a proceis  merely  fermentative.  Their  theory 
is  as  follows.  The  food  divided  by  maftica- 
tion  and  penetrated  by  the  faliva,  begins  as 
foon  as  it  gets  into  the  ftomach  to  be  agitated 
by  that  inteftine  movement  which  always 
accompanies  fermentation  ; this  movement 
is  excited  by  the  warmth  of  the  place,  by 
old  remains  of  food,  by  the  gaftric  fluid,  and 
above  all  by  the  faliva,  which  is  particularly 
adapted  to  produce  and  promote  this  pro- 
cefs.  The  firft  effedt  of  the  inteftine  com- 
motion will  be  to  raife  the  folid  parts  of  the 
aliment  to  the  furface  of  the  gaftric  liquor; 
here  they  will  be  fuftained  for  fome  time  by 
the  air-bubbles  ; but  on  their  ceflation  they 
will  fall  down  again  and  be  thoroughly  inr- 
corporated  with  the  fluids  of  the  ftomach. 
The  periftaltic  motion,  the  alternate  preflu  re 
of  the  diaphragm  and  abdominal  mufcles, 
and  the  continual  pulfation  of  the  adjacent 
large  veflels  will  render  this  mixture  ftill 
more  complete.  In  fuch  a fiate  the  food 
pafles  into  the  fmall  inteftines,  where  the 
fermentative  motion  produces  ftill  greater 
changes  in  confequence  of  the  mixture  of  the 
bile  and  pancreatic  juice.  And  now  the  va- 
• rious  kinds  of  food  are  changed  into  a fweet, 
mild,  nutritious  matter,  which  ferments 
Jarifkly,  and  is  denominated  chyle.  In  con- 
formity 
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formity  with  this  theory,  thefe  phyficians 
eftabliffi  a new  fyftem  of  great  importance, 
according  to  them,  in  the  practice  of  medi- 
cine. It  is  ingenioufly  explained  by  Pringle, 
in  his  Appendix  containing  Experiments" on 
feptic  and  antifeptic  Subfhnces,  and  by 
Macbride  in  his  experimental  E flays  on  the 
Fermentation  of  alimentary  Mixtures. 

CCXX.XIV.  The  opinion  of  thefe  two 
modern  writers  have  been  adopted  by  many 
phyfiologifts,  while  others  have  Fill  adhered 
to  the  dottrine  of  Boerhaave,  concerning  an 
incipient  and  incomplete  fermentation  only 
taking  place  in  the  ffomach  ; fo  that  on  this 
lubjedt  the  phyficians  of  Europe  fee m to  be 
divided  into  two  fedts.  When  I read  Pringle 
and  Macbride,  I had  only  made  a few  expe- 
riments on  the  digefiion  of  fome  animal  and 
vegetable  fubftances  enclofed  in  tubes  by  gal- 
linaceous birds  (XXXIX,  XL,  XLI,  XLII, 
XLIII);  and  I began  to  perceive,  that  the 
gaftric  juice  adted  as  a menftruum  upon  the 
food.  'But  I could  not  learn  from  thefe  ex- 
periments, whether  fermentation  takes  place 
at  the  time  they  are  diffolved.  As  indeed  the 
gaftric  fluid  is  a folvent,  it  may  adt  indepen- 
dently of  fermentation  ; chemiffry  affords 
numerous  inftances,  in  which  there  is  no  to- 
ken of  fermentation  during  the  decompofi- 
tion  of  the  folvend.  But  there  is  no  abfur- 
dity  in  fuppofing,  that  an  inteffinc  fermenta- 
tive motion  is  generated  in  the  mixture,  at 
* the  time  the  gaflric  fluid  diffolves  the  ali- 
ment. And  in  this  cafe,  fermentation  would 
accompany  digefiion,  though  it  would  not 
according  to  the  dodtrine  of  PringleandMac- 
firide  (CCXXXIII),  be  the  efficient  caufe. 
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In  order  to  obtain  information  concerning 
I this  phenomenon  which  I had  not  noticed, 
I I had  recourfe  to  further  experiments.  As 
I the  theory  in  queftion  is  entirely  founded  on 
I the  fermentation  of  animal  and  vegetable 
I matters  in  velìel  s,  I fet  in  glafs  phials  bread, 
I flelh,  and  faliva;  bread,  flelh,  and  water  5 
I flour,  faliva,  and  fielh  ; for  in  thefe  mixtures 
I the  writers  above-mentioned  obferyed  the  mod; 
I rapid  fermentation.  The  phials  were  jftop- 
I ped,  and  fet  in  a place  where  the  heat  amount- 
I ed  to  20°— 240  [a).  The  mixtures  began, 
I fome  fooner  and  others  later,  to  emit  air- 
I bubbles,  which  foon  increafed  in  frequency 
I and  fize  ; the  furface  of  the  liquor  was  co- 
I vered  with  froth,  which  continued  as  long  as 
I the  air  was  feparated.  During  this  time  the 
I mafs  fwelled  greatly,  the  intelaine  commoti- 
I on  was  manifeft,  and  the  fub dances  immerfed 
being  made  Ipecifieally  lighter  by  the  air- 
bubbles  that  adhered  to  them  and  the  increafe 
of  bulk,  rofe  to  the  furface  of  the  fluid. 
Here  then  the  tokens  of  fermentation  were 
apparent,  and  fo  far  I entirely  agree  with 
Pringle  and  Macbride. 

CCXXXV.  But  found  logic  forbade  me  to 
allow  fo  readily,  that  the  fame  procefs  takes 
place  in  the  Itomach.  I had  indeed  many 
reafons  for  withholding  my  aflent.  Not  to 
mention  the  fhort  continuance  of  the  food  in 
that  vifcus,  a circumftance  which  did  not 
efcape  Boerhaave  (CCXXXII),  I confidered, 
that  although  the  faliva  produces  and  pro- 
motes fermentation,  the  gaftric  fluid  may  not 

[a)  Sevcnty-feven  and  eighty-fix  deg.  of  Fah,  Ther. 
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have  this  property.  Though  the  gaftric  fluid 
confifts  in  part  of  faliva,  yet  as  there  are  fe- 
veral  other  ingredients,  a compound  muli;  be 
formed  with  properties  different  from  thofe 
of  its  conftituent  parts.  I have  adduced  many 
inftances  to  prove,  that  the  gaftric  fluid  re- 
tains in  fome  meafure  its  folvent  power  out 
of  the  body;  but  the  faliva  never  exhibited 
any  fuch  property.  I have  already  fhewn, 
and  flaall  ftill  more  clearly  fliew  in  the  fequel, 
that  flefli  immerfed  in  the  gaftric  fluid  is  not 
liable  to  putrefaction  ; but  when  put  into  fa- 
liva, it  putrefies  fooqer  than  in  water.  This 
was  one  of  my  motives  for  not  immediately 
adopting  the  ideas  of  Pringle  and  Macbride. 
It  were  to  be  wifhed,  that  thefe  phyficians 
had  made  trial  of  the  gaftric  liquor  alfo,  be- 
fore they  concluded,  that  what  they  obferv- 
ed  in  veffels  takes  place  likewife  in  the  fto- 
mach  ; pof  can  I well  conceive,  how  they 
both  came  to  overlook  a circumftance  of  lo 
great  importance.  Moreover  we  know,  that 
reft  is  neceftary  to  fermentation;  jmt  the  fto- 
inach,  befideg  the  motion  of  the  whole  body, 
has  a movement  peculiar  to  itfelf.  Laftly, 
fhould  fermentation  once  begin,  it  muft  in 
all  likelihood  be  foon  flopped  by  thefrefh  fal- 
liva and  gaftric  liquor  that  are  running  per- 
petually, and  in  no  finali  quantity,  into  the 
ftomach,  Thefe  two  laft  obje&ions  have 
been  already  ftarted,  though. nobody,  as  far 
as  I know,  has  taken  tJ 


could  be  decided  in  this  way  only,  I deter- 
mined to  undertake  to  fupply  the  omiffion. 

CCXXXVI.  I have  already  fpoken  of  ar- 
tificial digeftion  in  feveral  paflages.  Experi- 
ments 
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inents  of  this  kind  afforded  me  an  excellent 
opportunity  of  obferving,  whether  the  folu- 
tion  of  flefh  out  of  the  body  was  accompa- 
nied by  fermentation,  and  I never  failed  in  a 
tingle  in  (lance  to  attend  to  this  circumflance. 

I found,  that  when  the  veffels  remained  at 
red,  a few  finali  air-bubbles  began  to  arife 
in  the  fpace  of  a few  hours;  they  afterwards 
became  larger  and  more  frequent,  and  ad- 
hering to  immerfed  lubftances,  caufed  them 
to  rile  to  the  furface  of  the  liquor.  This  air 
was  either  entangled  in  the  mixture,  or,  ac- 
cording to  Pringle  and  Macbride,  formed 
part  of  it,  was  extricated,  and  rendered  elaf- 
tic  by  the  heat,  or  what  feems  more  probable, 
came  from  both  thefe  fources.  The  mix- 
tures either  funk  again  or  continued  to  float, 
while  they  were  dilfolved  by  thegadric  men- 
struum; not  the  flighted  in  tedine  motion 
was  ever  perceptible,  jud  contrary  to  what 
happens  when  laliva  is  employed.  If  I now 
and  then  fhook  the  vedel  a few  hours  after 
making  the  infufion,  very  few  air-bubbles 
were  generated,  and  the  mixture  hardly  ever 
rofe  to  the  furface,  though  it  was  jud  as 
well  dilfolved  as  when  the  vedel  remained  at 
perfect  red.  I find  in  my  Journals,  that  I 
agitated  the  veffels  upon  fourteen  feveral  oc- 
calions  without  obferving  the  fmalled  diffe- 
rence in  the  refult  of  the  experiment.  I 
could  not  therefore  allow,  that  fermentation 
was  the  efficient  caule  of  thefe  artificial  di- 
gedions,  nor  even  that  it  was  a concomitant 
circumflance,  or  an  effedt;  and  fredi  experi- 
ments inclined  me  more  and  more  to  rejedt 
this  opinion.  I have  already  mentioned  the 
great  abundance  of  gadric  fluid  in  crows,  and 
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the  facility  with  which  they  digeft  theft 
food,  more  efpecially  neftlings  ( LXIX, 
LXXXIII).  _ Among  the  various  trials  I 
made  with  this  fluid  out  of  the  body,  I en^ 
deavoured  to  renew  it,  as  it  is  renewed  in  the 
ftomach . Several  glafs  tubes  were  filled  with 
It  to  a certain  height,  and  fufpended  in  a ver- 
tical pofition  ; into  the  upper  extremity  a 
finali  funnel  was  put  ; fome  gaftric  fluid  was 
poured  into  it  from  time  to  time,  the  nar-^ 
rownefs  of  the  orifice  of  the  funnel  allowed 
it  to  fall  only  drop  by  drop  into  the 
tubes.  The  lower  extremity  of  the  tubes  was 
not  clofely  flopped,  that  nearly  as  much 
might  run  out  below  as  fell  in  from  above. 
Matters  being  thus  arranged,  I immerfed  in 
the  tube  flefh  and  bread,  both  by  themfelves 
and  mixed  together.  The  folution  was  ex- 
ceedingly fpeedy,  on  account  both  of  the 
warmth  of  the  atmofphere,  and  the  conftant 
renewal  of  the  gaftric  fluid.  Notwith- 
ftanding  the  tubes  remained  at  perfedt  reft, 
only  a few  air-bubbles  were  difcharged;  not 
theleaft  inteftine  motion  could  be  perceived; 
the  flefh  and  bread  fell  immediately  to  the 
bottom,  and  remained  there  till  they  were 
gradually  incorporated  with  the  gaftric  fluid: 
in  fhort,  they  were  digefted  without  a Angle 
circumftance  occurring  that  ufually  attends 
fermentation. 

CCXXXVII.  If  this  procefs  does  not  take 
place  out  of  the  body,  it  feems  highly  impro-* 
bable  that  it  flrould  within  ; however,  to  be 
certain  of  this,  it  was  proper  to  confult 
the  fenfes.  Is  digeftion,  according  to  Pringle 
and  Macbride,  a fermentative  procefs  ? Let 
us  then  infpedt  it  while  it  is  going  on,  by 
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furprizing  Nature  in  her  operation,  and  fee- 
ing in  what  it  confifts.  With  this  view,  I 
gave  four  hens  that  had  been  kept  filling 
twelve  hours,  fome  wheat,  and  in  five  hours 
opened  the  gizzard  without  killing  them. 
This  method  1 practifed  in  the  following  ex- 
periments, being  apprehenfive  left  opening 
the  animal  after  death  might  not  anfwer  the 
end  I had  in  view.  Both  gizzards  were  full 
of  grains  of  wheat  moftly  broken,  and  mix- 
ed with  a femiftuid  farinaceous  pafte.  The 
orifice  of  the  pylorus  and  great  part  of  the 
duodenum  was  full  of  the  fame  pafte,  which 
had  not  in  this  cafe  much  fluidity.  Upon 
examining  this  pafte,  both  with  my  naked 
eye  and  the  microfcope,  I could  not  perceive 
any  fign  of  fermentation  ; the  parts  were  at 
perfect  reft,  and  entirely  free  from  air-bubbles. 

I waited  three  hours  longer  before  I open- 
ed the  gizzards  of  the  other  two  ducks,  in 
order  to  fee  whether  what  had  not  taken  place 
at  the  beginning  of  the  procefs,  might  not 
have  happened  when  it  was  further  advanced. 
In  this  cafe,  the  pafte  was  more  diluted  with 
gaftric  liquor,  and  of  the  grains  of  wheat 
little  was  left  but  the  bran  ; I obferved  no 
more  inteftine  motion  or  air-bubbles  than 
before. 

CCXXXVIII.  My  next  experiment  was 
made  upon  three  ravens  that  had  not  yet 
quitted  the  neft.  Two  hours  after  I had  fed 
them  with  beef,  I opened  the  ftomach  of  one 
of  them.  The  flefh  was  half  difl'olved,  but 
I could  not  perceive  any  fign  of  fermenta- 
tion. I made  the  fame  obfervation  upon  the 
two  others,  which  were  opened  an  hour 
and  three  quarters  afterwards,  notwith- 
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{landing  the  digeftion  was  complete  ; for  no- 
thing remained  in  the  ftomach  but  a denfe 
grey  fluid,  confiding  of  fldh  diflolved  in  the 
gaftric  fluid. 

Of  animals  with  membranous  ftomachs  I ex- 
amined an  owl,  feveral  dogs,  cats,  and  land  and 
water-fnakes,  endeavouring  always  to  make  my 
obfervations  at  three  diftindt  times,  at  the  be- 
ginning, towards  the  middle,  and  at  the  end 
of  digeftion;  But  at  no  time  did  I perceive 
any  tendency  to  fermentation.  In  one  dog 
and  one  cat  only  did  I obferve  a few  air-  bub- 
bles among  the  food  after  it  was  completely 
digefted;  but  there  was  not  the  leaft  intef- 
tine  motion  perceptible.  Serpents,  animals 
fo  flow  of  digeftion,  were  well  adapted  to 
{hew  the  progrefs  of  this  fundtion  ; but  nei- 
ther did  they  form  an  exception  to  the  gene- 
ral obfervation.  Thefe  fadts  obliged  me  to 
rejedt  the  opinion  of  the  Britifh  phyficians 
and  their  followers  ; nor  do  I know  whether 
that  of  Boerhaave  is  admiffible,  who,  while 
he  excludes  a complete,  infers  an  incipent 
fermentation,  from  the  erudlations  that  arife 
after  taking  food  (CCXXXII)  ; but  this  may 
be  occasioned  by  the  rarefaction  of  the  air 
entangled  among  the  aliment,  by  the  mere 
heat  of  the  ftomach. 

CCXXXIX.  Modern  chemifts  have  dif- 
tinguiihed  three  fpecies  or  degrees  of  fer- 
mentation, the  vinous  or  the  fweet,  the  ace- 
tous, and  the  putrid.  As  they  eflentially  con- 
fili in  an  inteftine  motion  excited  by  heat 
and  a proper  degree  of  moifture  (a),  and  a& 

(a)  Macqucr  Didt.  Art.  Fermentati™. 
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ho  fuch  motion  can  be  feen  in  the  food  in 
the  ftotaach,  it  follows,  that  not  even  the 
vinous,  much  lefs  the  acetous  or  putrid  takes 
place  in  digeftion.  It  remains  to  be  enquired* 
whether  this  function  is  connected  with  a 
principle  of  acidity,  as  fome  fuppofe,  or  of 
putrefaction,  according  to  others.  I lhall  fiate 
che  faCts  which  appear  to  favour  each  of  thele 
opinions;  In  behalf  of  the  firft,  its  advo- 
cates adduce  acid  emulations'  and  vomitings 
from  the  human  ftomach*  that  difagreeable 
acid  fmell  which  is  exhaled  from  the  flomachs 
of  granivorous  birds  and  ruminating  ani- 
mals, the  acetoils  tafte  of  the  internal  coat; 
the  diminution  of  the  bulk  of  the  contents 
of  the  ftomach  of  man  and  animals,  not  to 
mention  other  arguments  that  may  be  feen 
in  modern  pliyfiologills,  and  efpecially  in 
Hallei- 

CCXL.Theprodigious  number  of  flomachs 
I have  opened,  have  afforded  me  opportuni- 
ties of  acquiring  full  information  on  this 
point.  In  animals  ftriCtly  carnivorous,  fuch 
at  birds  of  prey  and  ferpents,  the  food  never 
appears  acetous,  either  to  the  tafte  or  fmell 
during  the  time  of  digeftion.  The  fame  ob- 
fervation  will  apply  to  frogs  and  fifties  ; and 
it  may  be  extended  to  omnivorous  animals, 
fuch  as  crows,  when  they  feed  upon  flefh; 
but  the  pultaceous  mafs  refill  ting  from  vege- 
tables, and  in  particular  from  bread,  now 
and  then  acquires  a flight  acidity.  I have 
found  the  fame  tafte  in  two  dogs,  “and  more 
frequently  in  herbivorous  animals,  fuch  as 
ftieep  and  oxen  ; and  alfo  in  thofe  which  are 
at  once  herbivorous  and  granivorous,  viz.  in 
the  gallinaceous  kind;  and  in  the  laft-men- 
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tioned  qlafs,  not  only  the  food  in  the  No- 
madi had  an  acetous  tade,  but  that  in  the 
craw  hkewife.  In  the  third  diflertation  will 
be  found  fonie  indances  of  this  (CXXXIX, 
CXL,  CXLI,  CXLIII).  With  refpedt  to 
Man,  I will  relate  what  has  happened  to  my- 
felf.  During  the  whole  month  of  May  and 
great  part  of  June,  I eat  ftrawberries  with 
fugar  and  white  wine  at  dinner  and  fupper. 
From  this  agreeable  mixture  I never  experi- 
ence any  inconvenience  in  the  day-time;  but 
by  what  I eat  in  the  evening  my  deep  is  fre- 
quently didurbed  ; the  contents  of  my  do- 
mach  rife  al  mod  into  my  mouth,  and  then  fall 
■back  again,  leaving  a mod  dilguding  four 
tade  behind.  This  unpleafant  circumdance 
does  not,  however,  prevent  me  from  recover- 
ing my  red,  and  digeding  my  food  perfectly. 
I have  befides  many  times  been  fubjedt  to  a 
like  di  (agreeable  fenlation,  after  eating  too 
much  fruit  in  dimmer  and  autumn.  Every 
man  mud  fonie  time  or  other  have  been  fen- 
dble  of  his  meat  and  drink  having  turned 
four.  i 

CCXLI.  I was  further  defirous  of  know- 
ing, whether  the  acid  principle  fometimes 
found  in  the  domach,  is  capable  of  didolving 
calcareous  earth,  and  fuch  other  bodies  as 
acids  adt  upon.  I accordingly  gave  fonie  car- 
nivorous birds  pieces  of  coral  and  fea-fhells, 
and,  they  were  thrown  up  without  any  change 
of  colour,  or  diminution  of  weight.  This 
was  what  might  be  expedted.  I next  made 
the  fame  experiment  on  a hen  and  a turkey, 
which  were  killed  in  two  days.  The  coral 
and  (hells  were  very  much  corroded,  and  the 
former  was  reduced  to  pieces;  but  a mo- 
ment’s 
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merit’s  refle'&ion  fhewed  me,  that  the  corro- 
iion  might  be  owing  to  the  action  of  the  fto- 
mach,  and  not  to  an  acid.  The  doubt,  how- 
ever, might  ealily  be  removed,  by  enclofing 
the  fame  fu b dances  in  ftrong  metallic  tubes. 
The  re  fui  t of  feveral  experiments  made  in 
this  manner  was,  firll,  that  the  pieces  of  co- 
ral and  fhell  were  almoft  always  diminifhed; 
but  the  diminution  fcarce  ever  exceeded  three 
or  four  grains  : fecondly,  that  the  furface 
was  foftened  ; and  thirdly,  that  it  was  turned 
black,  efpecially  in  the  coral.  I immerfed 
at  the  fame  time  the  fame  fubftances  in  di- 
luted vinegar,  and  as  fimilar  effedts  were  pro- 
duced, and  particularly  the  black  colour,  I 
inferred,  that  the  phenomena  rofe  from  a 
like  caufe  ; laftly,  I repeated  the  experiment 
on  myfelf.  The  tubes ‘were  covered  as  be- 
fore (CCVIII),  to  prevent  any  feculent 
matter  from  getting  into  them.  They  were 
all  voided  without  inconvenience.  When  I 
ate  flefh,  with  the  addition  only  of  a little 
bread,  the  fubftances  contained  were  neither 
diminifhed  nor  altered  in  their  colour.  But 
upon  eating  a large  quantity  of  different  ve- 
getables, the  coral  and  fhells  were  generally 
diminifhed  and  darkened.  Thefe  fadts  prove 
the  prefence  of  an  acid  principle  in  the  fto- 
macns  of  fome  animals,  and  man  himfelf. 
It  is,  however,  not  perpetual,  but  depends  on 
the  quality  of  the  food. 

CCXLII.  This  acid  foon  difappears.  I 
gave  feveral  gallinaceous  fowls  fome  bread  at 
the  fame  time.  The  ftomachs  were  examin- 
ed at  different  intervals,  viz.  two,  three,  three 
and  an  half,  four,  and  live  hours  afterwards. 
As  long  as  the  bread  preferved  its  confidence, 
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it  was  frequently  acid;  but  as  foon  as  it  was 
reduced  to  chyme  this  tafte  was  totally  loft. 
Nor  could  I perceive  the  leaft  fign  of  it  in 
that  which  had  palled  into  the  duodenum. 

1 made  upon  myfelf  the  following  obferva- 
ticn. 

When  the  unpleafant  acid  tafte  mentioned 
above  (CCXL)  came  into  my  mouth  in  con- 
fequence  of  eating  ftrawberries,  I kept  my- 
felf awake  twice  during  the  remainder  of  the 
night.  Acid  emulations  continued  to  arile 
for  fome  time  ; they  at  laft  ceafed  ; yet  from 
a fenfe  of  weight  I knew,  that  the  contents . 
of  the  ftomach  were  not  entirely  digefted  j 
but  the  flatulence  that  came  from  them  had 
no  longer  the  flighted:  acidity. 

CCXLIII.  But  what  produces  this  acidity 
in  the  ftomach  ? Does  it  come  from  the  gaf- 
tric  fluid,  or  from  the  food?  There  are  good 
grounds  for  rejecting  the  former,  and  admit- 
ting the  latter  of  thefe  origins.  In  the  firft 
place,  this  acidity  does  not  appear  on  all  oc- 
caflons  ; I never  could  obferve  it  arifing  from 
flelh.  Now  if  it  came  from  the  gaftric  fluid, 
why  Ihould  it  not  be  communicated  to  every 
kind  of  food,  lince  every  kind  is  alike  impreg- 
nated with  it  ? Secondly,  when  late  vegetables, 
the  effects  of  an  acid  in  my  ftomach  were  ap- 
parent, but  not  when  I ate  flelh  (CCXLI). 
Thirdly,  when  vegetable  food  is  completely 
diftolved  by  the  gaftric  fluid,  it  then  lofes  all 
acidity  (CCXLII).  Laftly,  if  acid  bread  be 
enclofed  in  tubes  and  given  to  a crow,  when 
it  is  thrown  up  four  or  five  hours  afterwards, 
the  little  that  remains  inftead  of  being  four, 
is  now  turned  fweet. 

CCXLIV- 
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CCXLIV.  Notwithstanding  thefe  proofs, 
that  this  acidity  is  not  owing  to  the  gadric 
duid,  but  to  the  tendency  the  food  itfelf  has 
to  turn  four  whenever  it  is  in  a warm  tempe- 
rature, is  it  not  fuppofed,  that  this  fluid  both 
in  Man  and  animals  is  of  an  acid  nature  ? 
Have  not  mod  of  theantientand  many  modern 
phyficians  fubfcribed  to  this  opinion  ? I 
Should  therefore  have  incurred  the  reproach 
of  negligence,  if  I had  not  undertaken  a 
chemical  analylis  of  it.  The  gadric  fluid  of 
every  animal  mentioned  in  thefe  diflertations, 
not  excepting  my  own,  was  fubmitted  to 
the  following  experiments.  Having  taken 
the  precautions  above  defcribed  ( LXXXI, 
CCXV),  to  procure  it  in  a date  of  purity,  I 
dropped  it  upon  fait  of  tartar  per  aeliquhnn , 
and  into  the  nitrous  and  marine  acids,  without 
ever  perceiving  any  change  of  colour,  any 
motion  or  effervefcencej  whence  I was  oblig- 
ed to  infer,  that  the  gadric  fluid  is  neither 
acid  nor  alkaline,  but  neutral.  I thought  it 
would  alfo  be  proper  to  fubjedt  thofe  kinds 
which  could  be  procured  in  large  quantity, 
as  that  of  the  crow,  to  the  adtion  of  fire  ; I 
therefore  entreated  my  illudrious  colleague 
and  friend,  Counfellor  Scopoli,  to  undertake 
the  analyfis,  as  he  was  not  only  provided  with 
the  proper  apparatus,  but  eminent  for  his 
fkill  in  chemidry,  of  which  Science  he  is  de- 
fervedly  public  profeffor.  He  complied  with 
my  requed,  and  in  a few  days  favoured  me 
with  the  following  account. 
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Chemical  Analyfis  of  the  Gafric  Fluid  of  the 

Crow. 

“ The  liquor  is  turbid,  and  of  a darkifh  co- 
lour. When  Ihaken  it  emits  a fmell  rather 
difagreeable. 

When  triturated  with  quick-lime  or  fait  of 
tartar,  a fetid  urinous  odour  is  exhaled. 

It  does  not  effervefce  with  either  of  the 
mineral  acids.  It  gives  rather  a green  hue  to 
fyrup  of  violets. 

Two  drachms  expofed  to  a gentle  heat  left  a 
dark-coloured  fediment  weighing  two  grains, 
which  attracted  the  humidity  of  the  air. 
This  refiduum  had  a naufeous  fmell.  It  did 
not  effervefce  with  acids. 

I next  filtered  and  diftilled  it.  A darkifh 
matter  was  left  upon  the  filter,  which,  when 
it  was  dried,  appeared  in  the  form  of  a nut- 
brown  powder,  of  a fait  and  bitter  tafte. 

The  liquor  which  pafled  into  the  receiver 
was  divided  into  five  portions.  The  firft  had 
a flight  tafte,  and  an  empyreumatic  fmell.  The 
fecond  had  a ftronger  tafte  and  fmell.  The 
third,  fourth,  and  fifth  refembled  the  fe- 
cond, but  the  laft  had  the  ftrongeft  empy- 
reuma. 

The  belly  of  the  retort  was  almoft  entire- 
ly covered  with  a white  faline  lubftance, 
which  upon  being  triturated  with  quick-lime 
emitted  a fetid  urinous  fmell.  In  the  bottom 
there  remained  a tough  dark-coloured  lub- 
fcance,  refembling  an  extract.  It  did  not  ef- 
fervefce with  acids  ; its  fmell  was  empyreu- 

matic. 
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mia-tic,  and  its  tafte  fait,  bitter,  and  naufeous. 
This  fait  is  neither  acid  nor  alkaline,  for  it 
does  not  effervefce  either  with  acids  or  al- 
kalies ; but  when  a little  oil  of  tartar  per  de- 
liquium  is  mixed  with  it,  it  emits  a penetrat- 
ing urinous  odour,  exadtly  like  that  of  fai 
ammoniac. 

From  thefe  experiments  we  may  conclude, 
that  the  gaftric  fluid  contains,  firft,  a pure 
water;  fecondly,  a faponaceous  and  gelatinous 
animal  fubftance;  thirdly,  fai  ammoniac; 
fourthly,  an  earthy  matter  like  that  which 
exifts  in  all  animal  fluids. 

The  faponaceous  fubftanee  altered  by  fire 
emits  that  unpleafant  empyreumatic  frhell. 

The  fai  ammoniac  being  enveloped  by  the 
foapy  matter  does  not  fublime,  as  it  does 
when  not  entangled  by  other  fubftances. 

The  gaftric  fluid  of  the  crow  precipitates 
filver  from  nitrous  acid,  and  forms  luna  cor- 
nea. This  phenomenon  might  induce  us  to 
fuppofe,  that  common  fait  exifts  in  the  gaf- 
tric fluid;  but  as  the  fait  contained  in  this 
fluid  is  not  common  fait  but  fai  ammoniac, 
we  muft  fuppofe,  that  the  filver  is  feparated 
from  the  nitrous,  on  account  of  its  ftronger 
attraCtion  for  the  marine  acid,  which  alfo  far 
exceeds  the  attraction  of  the  volatile  alkali 
for  the  latter  acid. 

I with  you  would  repeat  thefe  obferva- 
tions  on  the  gaftric  fluid  of  animals  feeding 
only  on  vegetables.  If  in  this  alfo  fai  ammo- 
niac ftiould  be  found,  we  muft  conclude,  that 
the  marine  acid  is  generated  by  the  animal 
powers;  and  we  might  fufpedt,  that  the  ma- 
rine acid  of  fea  fait  is  produced  by  the  ani-r 
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mais  that  inhabit  the  ocean.  This  is  how* 
ever  a mere  conjecture, 

I am,  &c, 

✓ 

SCOPOLI.” 

A little  after  I had  received  this  account 
from  my  celebrated  colleague,  I quitted  Pa- 
via, to  fpend  the  lummer  vacation  in  my  own 
country,  where  I had  no  opportunity  of  mak- 
ing experiments  on  the  gaftric  fluid  of  any 
animal  ItriCtly  herbivorous,  though  I earneftly 
wifhedforit.  I obtained,  however,  fatisfac- 
tory  proofs  from  the  raven,  that  the  ammo- 
niacal  fait  does  not  depend  on  animal  food, 
but  on  the  powers  of  life,  I fed  five  ravens 
for  fifteen  days  on  vegetables  alone,  and  then 
by  means  of  fpunges  procured  a quantity  of 
gaftric  fluid,  which  I fuppofed  would  have 
no  properties  that  could  be  aferibed  to 
animal  food.  When  I made  with  it  the 
experiments  deferibed  above,  it  did  not 
appear  to  be  acid  or  alkaline;  it  had  a fait 
talte,  and  upon  pouring  a few  drops  into 
a folution  of  filver  in  the  nitrous  acid, 
luna  cornea  was  precipitated,  There  is 
therefore  every  reafon  to  fuppofe,  that  if  this 
fluid  was  diftilled,  fai  ammoniac  would  be 
obtained;  and  therefore,  that  the  marine  acid 
is  the  produCl;  of  the  animal  powers.  But 
whatever  we  are  to  think  either  of  this  or 
the  other  ingenious  conjecture  of  my  col- 
league, which  have  indeed  little  connection 
with  our  prefent  enquiry,  it  is  certain,  both 
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from  his  and  my  experiments,  that  the  gaf- 
tric  fluid  is  not  either  acid  or  alkaline,  but 
neutral. 

CCXLV.  But  I muft  not  conceal  thofe  ar- 
guments which  are  adduced  to  prove,  that 
there  is  a latent  acid  in  this  fluid,  though  it 
cannot  be  detected  by  any  of  the  ordinary 
chemical  means.  It  is  well  known,  that  a 
fmall  quantity  of  acid  will  curdle  milk,  an 
eftedt  produced  in  the  ftomach  of  animals, 
and  of  fucking  calves  in  particular,  in  which 
cafe  we  cannot  fufpedt  any  vegetable  acid  to 
be  prefentj  the  phenomenon  muft,  therefore, 
be  attributed  to  the  latent  acidity  of  the  gaf- 
tric  fluid.  And  as  it  is  continually  fecreted 
by  the  internal  coat  of  the  ftomach,  we  can- 
not be  furprized,  that  this  coat  in  fome  ani- 
mals fhould  retain  the  property  of  curdling 
milk.  This  is  well  known  to  cooks,  who, 
when  they  have  no  rennet,  take  the  innermoft 
coat  of  the  ftomach  of  a fowl  and  fteep  it  in 
water;  which  water,  when  thus  impregnated 
with  the  juice  of  the  ftomach,  will  ferve  for 
turning  milk  as  well  as  rennet  itfelf. 

Hence  fome  have  fuppofed,  that  the  fto- 
mach contains  a latent  acid.  My  firft  ftep 
was  to  afcertain  the  fadt.  I therefore  triturat- 
ed the  internal  coat  of  a hen  with  water, 
which  was  thus  rendered  turbid,  and  in  an 
hour  and  a half  curdled  a quantity  of  milk. 
The  fame  eflfedt  was  produced  by  the  internal 
coat  of  other  gallinaceous  birds,  viz.  the  ca- 
pon, turkey,  duck,  goofe,  pigeon,  partridge, 
quail,  treated  in  the  fame  manner.  I further 
difcovered,  that  this  property  belongs  alfo  to 
intermediate  and  membranous  ftomachs,  by 
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experiments  on  that  of  the  crow,  heron,  birds 
of  prey,  the  rabbit,  the  dog,  cat,  various 
reptiles,  and  feveral  fcaly  fifhes.  In  thefe 
trials  the  ftomachs  were  frefh.  I next  tried 
dried  ones,  chiefly  taken  from  the  gallinaceous 
clafs,  which  being  almoft  of  the  confidence 
of  horn,  become  dry  in  a very  fhort  fpace, 
and  at  the  fame  time  exceedingly  brittle. 
The  refults  were  the  fame  as  before.  Nor 
did  it  make  any  difference,  if  they  had  been 
kept  ever  fo  long.  I have  had  for  three  years 
the  internal  coats  of  the  ftomach  of  feveral 
fowls,  and  upon  triturating  them  with  wa- 
ter, while  I am  writing,  they  curdle  milk  as 
well  as  at  firft.  If  they  are  pounded  and 
mixed  with  milk,  they  anfwer  the  purpofe 
equally  well. 

CCXLVI.  But  is  this  property  confined  to 
the  internal  coat  ? It  was  eafy  to  determine  this 
by  treating  the  others  in  the  fame  manner. 
The  nervous  coat  has  this  property  in  fonie 
degree,  but  falls  far  fhort  of  the  internal. 
Whether  cut  into  finali  pieces  and  macerat- 
ed in  water,  or  mixed  immediately  with 
milk,  the  effedt  is  not  fo  fpeedily  produced, 
nor  fo  confiderable,  nor  are  the  curds  fo 
hard.  The  mufcular  and.  cellular  coats  have 
pot  this  property  in  the  fmallefi:  degree,  at 
leaf!;  in  gallinaceous  birds,  upon  which  thefe 
experiments  were  made.  Hence  it  would 
feem,  that  it  refides  in  the  internal  coat  fole- 
ly  ; for  the  effedis  produced  by  the  nervous 
coat,  may  be  owing  to  its  lying  in  contadi 
with  the  former. 

CCXLVII.  But  is  this  property  inherent  in 
the  infernal  coat,  or  adventitious, and  owing  to 
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the  gaftric  fluid  with  which  it  is  impreg- 
nated ? I incline  to  the  latter  opinion, 
linee  the  gaftric  fluid  fo  readily  curdles  milk. 
I fhould  weary  my  reader,  was  I to  recount 
all  my  experiments.  I will  therefore  only 
fay,  that  the  gaftric  fluid,  from  whatever  ani- 
mal it  was  obtained,  poffefles  this  property, 
whether  I procured  it  by  fpunges,  by  open- 
ing the  ftomach  and  exprefling  it  out  of  the 
glands,  and  the  mouths  of  the  little  arteries, 
with  which  this  vifeus  in  general  abounds. 
I have  further  found,  that  the  gaftric  fluid 
need  not  be  frelh.  That  of  crows,  at  leali, 
preferves  its  virtue  for  three  months. 

CCXLVIII.Butis  ita  neceflary  confequence 
of  thefe  experiments,  that  the  gaftric  fluid  con- 
tains an  acid  ? As  no  chemical  teft  fhews  this 
quality,  there  can  be  no  juft  motive  to  ad- 
mit it,  unlefs  it  can  be  proved  to  be  a necef- 
fary  confequence  of  the  curdling  of  milk. 
This  is  maintained  by  the  illuftrious  Mac- 
quer  among  others,  who  is  of  opinion,  that 
whatever  bodies  of  the  animal  and  vegetable 
kingdom  coagulate  milk,  have  either  a mani- 
feft  or  occult  acidity  (a). 

The  foundation  of  this  opinion  is  the  com- 
mon obfervation,  that  acids  are  the  foie  caufeof 
the  curdling  of  milk.  To  this  reafoning,  I 
fhall  only  oppofe  a Angle  fadt  : I have  diico- 
vered,  that  though  leverai  animal  fubftances 
are  incapable  of  producing  this  effedt,  yet 
others  have  this  property.  Thus  for  inftance, 
if  the  blood  or  bile  of  a turkey  be  mixed 
with  milk,  it  will  retain  its  fluidity  ; but 

(a)  Art.  Milk. 
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pieces  of  the  heart,  liver,  or  lungs  of  that 
bird,  will  curdle  it  readily.  This  obfervation 
is  not  merely  owing  to  accident;  I have  made 
the  experiment  repeatedly  with  different  tur- 
kies,  and  always  with  the  fame  luccefs.  If 
therefore  the  coagulation  of  milk  be  always 
owing  to  an  acid,  we  muft  fuppofe  an  acid  in 
the  heart,  liver,  and  lungs  of  the  turkey. 
I am  not  ignorant,  that  many  chemifts,  in 
oppofition  to  the  Boerhavian  fchool,  think  a 
real  acid  exifts  in  the  different  parts  of  ani- 
mals, and  particularly  in  the  blood;  but  ac- 
cording to  this  hypothecs,  I cannot  com- 
prehend, why  the  blood  of  the  turkey  and 
other  animals  does  not  coagulate  milk.  With 
refpedt  to  the  latent  acid  of  the  gaftric  fluid, 
I fhall  very  willingly  leave  my  readers  to 
adopt  what  opinion  they  fhall  think  moft 
probable.  The  milk  I employed  for  my  ex- 
periments, was  fometimes  that  of  the  flieep, 
but  generally  of  the  cow.  It  curdles  fpon- 
taneoufly,  as  every  one  knows,  fooner  orlater, 
according  to  the  temperature  of  the  atmo- 
fphere.  When  I mixed  it  with  gaflric  juice, 
or  any  other  fluid,  I always  left  another  por- 
tion by  itfelf.  In  the  former  cafe,  the  co- 
agulation foon  took  place  without  any  fign  of 
acidity,  whereas  milk  alone  required  feveral 
hours,  and  fometimes  à day  or  two,  and  the 
coagulimi  had  always  an  acid  tafte, 

CCXLIX.  But  it  is  time  to  confider  therea- 
fons  adduced  by  others,  to  prove  thatdigeftion 
is  attended  with  an  incipient  putrefaction, 
Thefe  reafons  are  founded  upon  faCts  related 
by  different  authors,  and  detailed  in  their 
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order  by  Haller,  in  his  great  work  ( a ).  No- 
thing, according  to  them,  can  be  more  evi- 
dent, than  the  figns  of  putrefaction  during 
digeftion.  The  ltomach  of  a hyena  and  of 
a ierpent,  have  been  obferved  to  emit  an  in- 
tolerable ftench.  The  breath  of  the  lion  and 
eagle  is  very  foetid,  as  alfo  that  of  the  dog, 
when  digeftion  has  been  prevented  by  the  ex- 
hibition of  opium.  A dog  without  taking 
opium,  was  obferved  to  admit  an  odour  of 
excrement  from  his  ftomach  ; the  food  in 
the  ftomach  of  birds  has  nearly  this  fmell , 
The  fame  obfervation  has  been  applied  to 
fifties  ; and  the  inftance  of  a dog- filli  has 
been  adduced,  of  which  the  ftomach  was  full 
of  a foetid  jelly,  that  contained  the  food  dii— 
folved.  The  contents  of  the  human  ftomach 
fometimes  become  foetid.  Vegetable  fub- 
ftances  alfo  degenerate  into  a putrid  mafs, 
when  they  continue  long  in  the  ftomach,  as 
appears  from  the  putrid  fmell  they  exhale, 
the  green  colour  they  impart  to  tin  dure  of 
mallows,  and  the  alcaline  principle  they  af- 
ford on  diftillation. 

After  having  related  thefe  fads,  the  Swifs- 
phyfiologift  proceeds  to  give  his  own  opinion. 
He  thinks,  that  in  digeftion'  there  is  only 
an  incipient,  not  a complete  putrefadion 
which  only  takes  place  when  the  food  remains 
a long  time  in  the  ftomach,  as  is  evident  from 
the  fads  juft  mentioned.  He  alfo  fuppofes, 
that  the  change  produced  by  the  digeftive 
powers,  efpecially  in  the  human  ftomach,  ap- 
proaches nearer  to  putrefadion  than  acefcen- 
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cy  ; this  he  infers,  from  the  putrid  fmell  that 
exhales  from  flefh  found  in  the  ftomach  of 
fonìe  animals,  notwithftanding  there  has  been 
mo  impediment  to  digeftión  (a).  This  opi- 
nion, adopted  before  Haller  by  Boerhaave  (b), 
has  moreover  been  received  by  two  celebrated 
writers,  Gardana  (r),  and  Macquer  (d). 

CCL.  Notwithftanding  the  refpedtable  au- 
thority of  thefe  writers,  I do  not  think  the 
fadbs  adduced  fufficient  to  perfuade  an  im- 
partial philofopher;  they  are  not  only  too 
few,  but  were  obferved  by  mere  accident; 
nor  had  the  obfervers  the  fmalleft  intention 
of  entering  into  a full  difcuffion  of  this  point. 

Though  the  time  requifite  for  digeftion  in 
different  animals  is  different,  yet  in  many  it 
does  not  exceed  five  or  fix  hours,  and  in  fome 
is  ftill  fhorter.  IN  ow  it  feemed  proper  to  exa- 
mine what  change  fleih  fet  to  putrify,  would 
undergo  in  that  fpace  of  time  ; I therefore 
took  fome  frefh  veal  cut  into  finali  pieces, 
and  put  it  in  a phial  of  water,  which  was  flop- 
ped with  papèr.  Tire  phial  was  put  into  a 
ftove,  where  the  mercury  rofe  to  between 
30  and  350. 

About  the  beginning  of  the  fourth  hour, 
the  flefh  had  loft  its  red  colour,  and  was  turn- 
ing blue.  It  was  allo  become  flabby,  but  for 
nine  hours  it  had  no  putrid  fmell.  Mutton 
and  beef,  in  leverai  trials,  did  not  anfwer  to 

(<?)  L.  c. 

(/-)  Chem.  T.  2. 

[c)  Efi'ai  pour  fervir  à FHiftoire  dc  la  Putrefadlion. 
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this  time  exactly,  but  no  bad  fmell  was  ever 
perceptible  for  eight  hours.  Thefe  experi- 
ments fhew,  that  flefh  eaten  by  many  ani- 
mals, among  which  Man  may  be  enumerated, 
has  not  time  to  run  into  the  putrefactive  fer- 
mentation, efpecially  as  the  temperature  of 
animals  is  lower  than  that  to  which  thefe  le- 
verai forts  of  meat  were  expofed.  However, 
for  greater  certainty,  I made  the  following 
trials.  I have  before  mentioned  introducing 
into  the  flomaghs  of  crows,  pyriform  glafs 
* veffels,  of  which  the  fmall  end  was  open,  and 
came  out  at  the  mouth  (LXXXIX). 

I now  took  two  of  them,  and  putting  fome 
beef,  with,  a little  water,  into  one,  and  fome 
veal  into  the  other,  forced  them  down  the 
throat  of  the  crows.  In  order  to  examine  the 
fiate  of  the  flelh,  I now  and  then  drew  them 
up,  and  immediately  returned  them.  Between 
the  ninth  and  tenth  hours,  the  beef  emitted 
an  odour,  which  though  it  could  not  be  call- 
ed putrid,  was  difagreeable.  At  the  expira- 
tion of 'the  tenth  hour,  there  was  a diftindt 
putrid  fmell  that  became  gradually  fironger 
and  llronger.  In  a day  the  flefh  turned  livid, 
acquired  a naufeous  tafle,  and  the  particles 
began  - to  feparate.  The  fame  appearances 
took  place  rather  fooner  in  the  veal.  It  there- 
fore appears,  that  flefh  in  the  heat  of  this  lpe- 
cies  of  bird  requires  a longer  time  to  putrify, 
than  to  be  digefied.  After  the  glafs  veffels 
were  taken  out  of  the  flomach,  I gave  one  of 
them  the  fame  quantity  of  beef  and  veal  ; and 
upon  onening  the  flomach  in  three  hours, 
found  that  it  was  entirely  confumed. 
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CCLI.  Thefe  experiments  prove,  that  nò 
putrid  tendency  is  ever  acquired  by  meat  dur- 
ing digeftion.  Nor  did  I ever  perceive  any 
fuch  tendency  in  food  lying  in  the  ftomach 
(LXV,  CCIX)  ; yet  as  I had  never  made  ex- 
periments for  this  exprefs  purpoie,  and  as 
fonie  phyfiologifts  adduce  facts  to  prove  the 
contrary  (CCXLIX),  I was  under  theneceflity 
of  examining  the  ftomach  of  various  animals, 
with  this  foie  view. 

Four  hens  were  fed  with  kid,  and  in  two 
hours  one  was  killed  : the  ftomach  was  full;  the 
flefhftill  retained  its  natural  fweetfavoulqwhich 
at  the  furface  was  mixed  with  a bitteriih  tate, 
occafioned  by  its  being  impregnated  with  the 
garfcric  fluid.  It  had  no  fmell,  except  that 
of  this  fluid.  An  hour  afterwards  the  fto^ 
mach  of  another  hen  was  examined  ; and  here 
the  flefh  was  beginning  to  be  converted  into 
a gelatinous  palle,  its  fmell  was  rather  dis- 
agreeable I know  not  how  to  defcribe  it, 
but  it  was  not  at  all  penetrating,  or  .putrid } 
the  colour  was  Hill  reddifh,  it  had  not  the 
leaft  naufeous  tate,  nor  did  it  effervefce  with 
acids,  or  change  the  colour  of  fyrup  of  vio- 
lets. Thus  we  fee;  it  fliewed  no  fign  either 
of  incipient,  or  advanced  putrefaction.  In 
another  hour  the  third  hen  was  killed  : the 
Ifomach  contained  a pultaceoiis  mais,  more 
fluid  than  in  the  former  cafe;  but  there  was 
not  the  fmalleft  token  of  putrefaction,  any 
more  than  in  the  fourth  hen,  which  was  open- 
ed three  hours  afterwards,  when  the  craw 
was  empty,  and  the  contents  of  the  gizzard 
were  now  diffolved. 
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CCLII.  Some  frogs  juft  killed  were  fet  be- 
fore two  herons;  the  birds  being  hungry,  de- 
voured them  greedily.  In  fix  hours  one  of 
them  was  opened  ; but  whether  the  tough  - 
nefs  of  the  fkin  retarded  digeftion,  or  whether 
that  procefs  is  flow  in  herons,  the  frogs  had  not 
loft  their  fhape  ; though  the  heads  and  limbs 
were  either  feparated,  or  on  the  point  of  being 
feparated  from  the  trunk,  and  the  flefh  was 
become  very  loft.  The  tafte,  except  the  ufual 
bitternefs,  had  nothing  naufeous,  and  the 
fmell  was  by  no  means  putrid.  1 waited  five 
hours  longer  before  I killed  the  fecond,  when 
I found  but  little  flefh  in  the  ftomach,  and 
that  little  was  entirely  decompofed,  but  did 
not  emit  the  leaft  putrid  fmell. 

If  fowls  and  herons  afforded  no  token  of 
putrefaction,  much  lefs  could  I expeCt  it  from 
the  birds  upon  which  my  next  trials  were 
made;  I mean,  young  owls,  which  digeft 
flefh  in  three,  or  at  moft  four  hours.  A young 
dog  and  cat  were  next  fed,  at  the  fame  time, 
with  boiled  beef.  The  former  was  opened  in 
four  hours  and  an  half.  The  ftomach  was 
full  of  a mafs  of  foftened  flefh,  which  emit- 
ted a very  flight  fmell,  exactly  refembling  the 
fmell  of  the  gaftric  fluid.  The  ftomach  of 
the  cat  was  opened  in  five  hours  and.  an  half, 
and  was  found  to  contain  fome  remains  of 
flefh,  or  rather  a pulpy  matter,  which  as  in  the 
former  cafe,  had  the  fmell  of  gaftric  fluid. 
The  flefh,  when  nearly  digefted,  did  not 
change  the  colour  of  fyrup  of  violets,  or  eflvr- 
vefce  with  acids. 

CCLIII.  There  are  animals  which  retain 
the  food  in  the  ftomach  for  a much  longer 
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time,  as  the  falcon.  Of  that  upon  which  I 
made  fo  many  experiments,  I have  already  ob- 
ferved,  that  it  would  devour  a whole  pigeon 
at  once,  and  continue  without  food  the  whole 
day  afterwards  (CLX) . Whence,  as  alfo  from 
its  great  bulk,  we  may  infer,  that  the  flefh  re- 
mains a long  time  in  the  body  before  it  is 
entirely  digefled.  Some  months  after  this 
was  killed,  another  of  a different  fpecies  fell 
into  my  hands  ; it  was  of  a larger  fize,  and 
had  no  craw,  fo  that  the  food  palled  imme- 
diately into  the  ftomach.  Notwithftanding  . 
it  was  pretty  tame,  and  therefore  valuable,  yet 
I facrificed  it  for  the  fake  of  thefe  experiments, 
eighteen  hours  afterit  had  devoured  a chicken. 
What  remained  in  the  ftomach  weiehed  two 
ounces  ; it  confifted  of  a pulp,  in  which  the 
fibres  could  yet  be  difcerned ; but  neither 
when  fubjedted  to  the  before-mentioned  che- 
mical trials,  or  when  fmelledand  tailed,  did  it 
fhew  any  fign  of  putrefaction.  But  among 
the  animals  that  retain  their  food  for  a long 
time  in  the  ftomach,  thofe  with  cold  blood, 
and  especially  vipers,  are,  as  we  have  feen, 
the  molt  remarkable.  A piece  of  lizard’s  tail 
preferved  fomewhat  of  its  mufcular  ftruCture, 
after, having  remained  five  days  in  the  ftomach 
of  a land  fnake  (CXVIII).  Three  water 
fnakes  had  not  confumed  all  their  food  at  the 
end  of  three  days  (CXXI).  Another  not  even 
in  fix  days  (CXXV).  A lizard  remained  fix- 
teen  days  in  the  llomach  of  a viper,  without 
lofing  its  natural  form  (CXXVII).  Other 
cold  animals,  fuch  as  eels,  newts,  and  frogs, 
mult  not  be  forgotten.  Four  eels  that  had 
eaten  fith,  retained  a little  after  the  expi- 
ration 
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bition of  three  days,  eighteen  hours  (CXXIX). 
On  the  fifth  day,  fome  frogs  had  not  quite 
digefted  pieces  of  inteftine  (CVI)  ; which 
alio  happened  to  newts,  two  days  after  they 
had  been  fed  with  earth-worms  (CVIII). 
But  notwithftanding  the  food  continued  fo 
long  in  the  ftomach  of  thefe  feveral  animals, 
I have  exprefsly  noticed,  that  it  had  begun 
to  putrify  (CXXVII). 

CCLIV.  I have  met  only  with  two  in- 
ftances  which  do  not  coincide  with  this  in* 
•variable  conftancy  of  nature,  though  they  do 
not  detract  from  the  certainty  of  the  confe- 
quences  thatare  to  be  deduced  from  it.  Among 
the  crows  that  were  obliged  to  fwallow  tubes 
for  a confiderable  length  of  time,  fonie  buf- 
fered in  their  health,  and  became  poor,  though 
they  were  copioully  fupplied  with  food.  But 
as  they  did  not  take  it  voluntarily,  and  as  it 
was  my  wifh  to  keep  them  alive  for  the  fake 
of  my  experiments,  I forced  fome  flefh  down 
the  throats  of  two,  but  to  no  purpofe  ; for 
they  both  died,  one  thirteen,  the  other 
fifteen  hours  afterwards.  My  curiofity  led 
me  to  open  them,  and  I found  that  the  flefh 
continued  whole  and  undigefted,  and  more- 
over that  it  was  become  putrid,  But  this 
evidently  arofe  from  the  morbid  condition  of 
the  animal,  by  which  the  gaftric  fluid  was 
altered,  and  rendered  inefficacious,  For  this 
fpecies  of  bird,  as  I have  feen  in  a hundred 
inflances,  digefls  flefh  very  fpeedily,  and  with- 
out any  token  of  putrefaction  appearing.  It 
is  alfo  probable,  that  the  putrid  fiate  of  thefood 
in  the  animals  mentioned  in  the  CCXLIXth 
paragraph,  arofe  from  their  morbid  condi - 
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{ion  ; efpecially  as  it  remained  fo  long  in  the- 
ft o mac  h of  fome  of  them.  It  may  alfo  hap- 
pen, that  an  animal  may  die  without  any  difeafe 
preceding,  and  yet  the  food  be  found  foetid, 
if  the  ftomach  is  opened  after  a long  interval, 
as  frequently  happens. 

In  the  fame  paragraph,  the  breath  of  the 
lion  and  eagle  are  faid  to  be  foetid.  That  of 
the  lion  I never  had  an  opportunity  of  exa- 
mining, but  with  the  eagle  it  was  far  other- 
wife  ; for  when  I ftroaked  the  head  gently,  it 
would  fometimes  open  its  mouth,  and  raife  a‘ 
little  cry;  on  thele  occafions  it  necelfarily 
made  a long  expiration,  and  in  winter  the 
breath  appeared  in  the  form  of  a little  cloud. 
This  cloud  I have  often  fuelled,  and  caufed 
others  to  fmell,both  when  the  bird  was  failing, 
and  when  the  ftomach  was  full,  and  when  the 
food  was  recently  digefted  ; but  it  was  never 
foetid,  and  indeed  did  not  feem  to  have  any 
kind  of  odour. 

CCLV.  The  experiments  defcribed  in  the 
CCL,  CCLI,  CCLII,  and  CCLIIId  para- 
graphs, not  only  ihew  that  digeftion  is  un- 
accompanied by  putrefaction,  but  might  in- 
duce us  to  fuppofe,  that  the  ftomach  is  pro- 
vided with  an  antifeptic  principle.  Fleih  in- 
clofed  in  the  pyriform  glaffes  that  were  intro- 
duced into  the  ftomach  of  crows,  ihewed 
clear  iigns  of  putrefaction  in  ten  hours  ; 
whereas  in  eighteen  they  ihew  no  appearances 
of  the  kind,  when  it  is  in  immediate  contadi 
with  the  ftomach  (CCLII  1).  And  although 
ferpents,  and  the  other  amphibious  animals 
above-mentioned  (CCLIII)  are  of  a cold 
temperature,  yet  in  their  temperature,  which 
is  nearly  equal  to  that  of  the  atmofpherc, 
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fiefh  becomes  putrid  in  two  days,  and  fome- 
times  in  one,  and  fometimes  even  in  a fhorter 
time,  while  in  their  ftomachs  it  remains  un- 
tainted frequently  for  a much  longer  fpace. 
I could  not  therefore  but  conclude,  that;  there 
is  prefent  in  thefe  cafes,  fome  caufe  that  pre- 
vents the  corruption  which  fupervenes  out 
of  the  body.  What  then  is  this  caufe  ? It 
was  not  difficult  to  deteCt  it.  I called  to 
mind  thofe  unfiniffied  digeftions,  which  take 
place  when  fleffi  is  immerled  in  gaftric  fluid 
contained  in  phials.  Where  it  is  diffolved 
without  ever  turning  putrid,  notwithftand- 
ing  it  is  kept  long  enough,  and  expofed  to  a 
fufficient  heat.  I could  not  then  doubt,  that 
the  gaftric  juices  are  at  once  the  folvent,  and 
the  prefervative  from  putrefaction.  Further 
reflection  furnifhed  me  with  proofs  ftill  more 
decifive.  It  appears  from  various  paflages  in 
the  preceding  diflertations,  that  in  attempts 
to  produce  artificial  digeftion,  little  or  no  To- 
lution  takes  place,  unlels  the  fluid  extracted 
from  the  ftomach  is  expofed  to  a brifk  heat 
(CXLII,  CLXXXVI,  CCI,  CCXVII).  But 
without  this  condition,  it  retains  its  antifep- 
tic  powers  (CLXXXVI,  CCXVII).  Two 
phials,  containing  one  fome  gaftric  fluid  from 
a crow,  and  the  other  from  a dog,  together 
with  fome  veal  and  mutton,  were  kept  thirty- 
feven  days  in  winter,  in  an  apartment  with- 
out fire:  the  flefti  was  not  either  confumed 
or  turned  putrid  -,  while  fome  that  was  im- 
inerfed  in  water,  began  to  emit  a foetid  fmell 
on  the  feventh,  and  about  the  thirtieth  day 
was  changed  into  a very  offenlive  liquamen. 
It  is  proper  to  add,  that  the  gaftric  fluid  at 
la  ft:  lofes,  though  kept  in  phials  ever  ib  clofely 
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flopped,  its  antifeptic  quality,  but  it  ne- 
ver becomes  putrid  itfelf.  This  at  leali  I 
found  to  be  the  cafe  with  fome  taken  from  a 
crow,  after  it  had  been  kept  two  months. 

CCLVI.  The  difcovery  of  this  antifeptic 
property  led  me  to  enquire,  what  would  be 
the  .effeól  of  immerfing  flefh,  more  or  lefs 
putrid,  in  gaflric  fluid.  Four  portions  that  had 
an  infupportable  fmell,  were  fet  in  four  bot- 
tles, which  I filled  with  four  different  kinds 
of  gaflric  fluid,  viz.  of  a dog,  a crow,  an 
owl,  and  an  eagle.  This  was  done  in  March, 
and  the  bottles  were  kept  twenty-five  days  in 
an  apartment,  where  the  heat  was  never  lefs 
than  8,  and  never  exceeded  12°.  I could  not 
perceive  that  it  was  at  all  more  diffolved  than 
if  it  had  been  immerfed  in  water.  With 
refpedl  to  the  foetid  fmell  in  the  phials  con- 
taining lamb  and  veal,  it  continued  unchang- 
ed ; but  in  the  two  others,  which  contained 
fowl  and  pigeon,  it  feemed  rather  dimi- 
nifhed,  This  reful t fuggefled  to  me,  that  the 
gaflric  fluid  might  not  only  impede  putre- 
fadlion,  but  reflore  putrified  fubflances.  I 
therefore  repeated  the  experiment  in  June, 
and  found  that  my  fufpicion  was  well  founded, 
Some  fowl  and  pigeon,  in  which  putrefac- 
tion was  pretty  far  advanced,  were  immerfed 
in  the  gaflric  fluid  of  a dog  and  falcon,  and 
remained  in  it  thirty-feven  hours,  in  which 
time  they  were  reduced  to  a jelly,  but  had 
lofi  mofl  of  their  difgufling  fmell.  On  com- 
paring this  with  the  preceding  experiment, 
I conjectured,  that  the  fuperior  efficacy  of  the 
gaflric  fluid  in  the  latter  cafe,  proceeded  from 
the  warmth  of  the  feafon  : and  this  induced 
me  to  expofe  the  fame  flefli  under  the  fame 
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circumftances,  to  the  fun  about  the  middle  of 
June.  And  now  ten  hours  completely  took 
away  the  foetid  fmell.  I did  not  negledt  mak- 
ing the  fame  experiment  with  the  gaftric 
fluid  of  other  animals;  the  flefh  generally 
loft  its  difagreeable  odour,  but  fometimes  for 
a reafon,  which  I cannot  affign,  retained  it  in 
part.  It  is  proper  to  add,  that  the  recent 
fluid  was  always  more  efficacious  than  the 
old. 

CCLVII.  If  we  confider  the  CCLV  and 
CCLVIth  paragraphs,  we  mult  conclude,  that 
putrid  flefh  lofes  this  quality  in  the  ftomach  of 
animals.  Before  I attempted  to  afcertain  this 
point  by  experiment,  nature  herfelf  gave  me  a 
decifive  proof  of  it.  At  the  time  I kept  a great 
number  of  fowls  for  my  enquiries,  I perceived 
that  when  they  are  allowed  to  eat  at  will, 
they  cram  their  craw  fo  full,  that  it  is  fixteen 
or  twenty  hours  before  it  is  completely  eva- 
cuated. Curiolity  led  me  to  kill  a cockrel 
that  had  about  an  ounce  of  meat,  which  hap- 
pened to  be  bruifed  flefh,  remaining  in  its 
craw:  and  I was  ftruck  with  furprize,  when 
I perceived  that  it  had  a ftrong  putrid  fmell  : 
it  was  become  foft,  had  a dull  red  colour, 
and  a naufeous  tafte:  I immediately  proceeded 
to  examine  the  contents  of  the  ftomach  ; but 
here  I found  the  flefh  quite  decompofed  with 
a bitter  fweet  tafte,  and  a fmell  by  no  means 
foetid.  The  liquor  therefore  of  the  ftomach, 
had  corrected  the  putrid  quality  which  the 
defti  had  acquired  in  the  craw.  The  fame 
thing  took  place  in  fome  hens.  The  flefh  in 
the  craw  became  putrid  in  fixteen  hours, 
while  that  in  the  ftomach  had  no  difagreeable 
odour.  It  fhould;  however,  be  remarked, 
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that  the  putrefactive  fermentation  never  runs 
fo  high  within  the  craw,  as  it  does  out  of  the 
body,  even  when  the  heat  is  lefs  ftrong. 
Whence  I fufpeCted,  that  the  fluid  of  the  craw 
might  alfo  poflefs  an  antifeptic  power,  though 
in  a degree  very  far  inferior  to  that  of  the 
flomach. 

CCLVIII.  I took,  a putrid  piece  of  beef’s 
lights,  and  dividing  it  into  five  portions,  faf- 
tened  a firing  to  each,  and  then  thrufl  them 
into  the  flomachs  of  five  ravens.  The  end  of 
the  firing  was  brought  out  at  the  beak,  as  on 
former  occafions  (LXVIII),  that  I might  be 
able  to  examine  the  fiefh  at  pleafure.  In  three 
quarters  of  an  hour,  two  of  the  pieces  were 
drawn  up  : they  were  wailed,  and  at  firfl 
feemed  to  have  lofi  their  putrid  fmell,  but 
upon  wiping  off  the  gaflric  fluid,  it  became 
again  fenfible,  but  it  was  much  diminifhed. 
Half  an  hour  afterwards  another  piece,  upon 
examination,  was  found  to  be  flill  more 
walled,  and  to  have  lofi  almofl  all  its  bad 
odour,  even  when  the  gaflric  fluid  was  care- 
fully wiped  away.  In  an  hour  afterwards  the 
two  remaining  pieces  were  drawn  up.  They 
were  reduced  to  thefize  of  a pea,  and  it  would 
have  been  impoflible  to  tell  that  they  had  been 
ever  putrid,  fo  perfectly  were  they  recovered  -, 
even  the  tafle  had  nothing  difgufling,  ex- 
cept the  bitternefs  which  is  always  prefenton 
fuch  occafions. 

The  great  length  of  the  neck  prevented 
me  from  repeating  this  experiment  upon  the 
heron.  I forced  a femi-putrid  frog,  from 
which  the  fkin  had  been  taken,  into  the  flo- 
mach, but  I could  not  draw  it  up  again  -,  it 
was  therefore  lieceffary  to  cut  the  firing  at 
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the  beak,  when  the  bird  immediately  fwal- 
lowed  it.  It  was  my  intention  to  kill  the 
heron  in  about  an  hour,  that  I might  ex- 
amine what  change  the  frog  had  undergone. 
But  it  was  vomite  1 1 r ~ ^ 


food;  for  however  greedily  the  heron  devours 
living  fifties  and  frogs,  it  abstains  from  them 
when  they  are  turning  putrid.  The  gaftric 
fluid  had,  notwithftanding,  exerted  both  its 
antifeptic  and  folvent  powers,  during  the 
forty-three  minutes  the  frog  had  been  in  the 
ftomach.  Some  tin  tubes  were  then  filled 
with  putrid  fifh,  and  given  to  the  animal; 
they  were  not,  as  before,  thrown  up,  perhaps, 
becaufe  the  putrid  matter  was  not  in  contadi; 
with  the  ftomach.  The  bird  was  killed  three 
hours  afterwards  ; what  remained  in  the  tubes 
weighed  one-feventh  of  an  ounce;  it  re- 
fembled  a thick  gelatinous  pafte,  in  which  a 
few  flefhy  fibres  might  yet  be  diftinguifhed, 
and  which  retained  no  veftige  of  its  former 
putrid  ftate. 

CCLIX.  I treated feveralfmall  birds  of  prey, 
fuch  as  the  two  fpecies  of  owl  above  de- 
feribed,  and  a young  hawk,  as  I had  done 
crows  (CLVIII).  They  were  fed  with  intef- 
tine,  liver,  and  lungs  of  fheep,  more  or  lefs 
putrid.  Solution  took  place,  and  the  putrefac- 
tion was  corrected  according  to  the  time  of 
the  continuance  of  the  flefti  in  the  ftomach. 
The  hawk  twice  threw  up  what  it  had  fwal- 
lowed,  probably,  becaufe  the  putrid  ftate  of  it 
difagreed  with  the  ftomach,  for  this  never 
happened  when  it  was  fed  with  frefh  meat. 
The  gaftric  juices  of  the  eagle  produced  the 
fame  effedt  upon  fleih  incloled  in  tubes,  and 


bably  on  account 


intro- 


286 


DISSERTATION  VI. 


introduced  into  its  ftomach,  Animals  of  cold 
blood  having  very  flow  digeftive  powers, 
were  Jon»  in  correcting  the  putrefaction  of 
flefh,  Th  is  effeCt,  however,  was  at  laft  pro- 
duced. The  only  precaution  neceffary,  was 
to  return  the  fubftances  into  the  ftomach 
when  they  were  vomited,  which  often  hap- 
pened. 

The  laft  experiments  I made  with  this  view, 
were  upon  a cat,  a dog,  and  myfejf.  I was 
obliged  to  force  the  putrid  flefh  down  the 
throat  of  thefe  animals,  for  notwithftanding 
they  were  exceedingly  hungry,  they  obfti- 
nately  refufed  it.  The  dog  retained  what  was 
forced  upon  him,  but  the  cat  vomited  it  along 
with  a quantity  of  foam,  and  a liquor  that 
appeared  to  be  gaflric  fluid.  The  flefh,  which 
when  it  was  given  was  exceedingly  foetid, 
had  now  loft  its  fmell  entirely  -,  of  this,  ano- 
ther cat,byeating  it  without  afterwards  throw- 
ing it  up,  gave  me  a clear  proof.  Upon  open- 
ing the  ftomach,  I found  the  flefh  half  di- 
gefted,  and  with  no  other  fmell  than  that 
which  frefh  meat  ufuallyemits  inlike  circum- 
ftances.  In  two  hours  and  a half  the  dog 
was  opened.  The  flefh  lay  in  a little  lake  of 
gaftric  fluid,  nearly  decompofed,  nor  did  it 
either  in  tafte  or  fmell  referable  tainted  meat. 
The  experiment  I made  on  myfelf,  confifted 
in  fwallowing,  at  five  different  times,  five 
tubes  covered  with  linen,  like  thofe  men- 
tioned in  the  CCVIIIthp aragragh  : they  were 
full  of  different  forts  of  putrid  flefh,  I voided 
them  feparately,  and  in  each  there  was  fome 
of  the  contents  remaining,  but  not  one  ex- 
hibited the  fmalleft  token  of  putrefaction. 
Hence  then  it  appears,  that  the  various  claffes 
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of  animals,  and  Man  among  the  reft,  in  an 
healthy  ftate,  are  endowed  with  the  power, 
not  only  of  checking  the  putrefa&ion  of  fub- 
. fiances  lodged  in  the  ftomach,  but  alfo  of 
correding  them  when  already  putrid,  v 

CCLX.  By  this  difcòvery  I was  led  to  refled, 
that  many  animals  living  upon  flefh,  and 
jnatters  that  have  a tendency  to  run  into  the 
putrefadive  fermentation,  never  feed  but  up- 
on fuch  as  are  frefh  and  fweet  ; and  that,  if 
by  any  accident  putrid  food  fhould  get  into 
the  ftomach,  they  are  fubjed  to  vomiting  and 
various  bad  fymptoms,  and  even  death  itfelf  : 
fomeinftances  of  vomitingexci  ted  by  thiscaufe, 
maybefeenabove(CCLVIII,  CCLIX)  ; while 
on  the  other  hand,  many  animals  delight  in 
corrupted  fubftances,  as  the  multitude  of 
loathlome  infeds  and  worms  that  refide  in 
fewers  and  fepulchres,  and  feed  upon  decay- 
ing carcafes.  Among  birds  and  quadrupeds, 
there  are  alfo  fome  that  feek  tainted  flefh; 
fuch  are  the  crow,  the  kite,  the  vulture,  a- 
mong  the  former;  and  among  the  latter,  the 
chacal  and  the  hyena.  While  other  animals 
fly  the  mialmata  that  arife  from  bodies  in 
fuch  a ftate,  thefe  feek  and  are  guided  by  them 
to  their  abominable  repafts.  But  now  we  are 
acquainted  with  the  antifeptic  virtue  of  the 
gaftric  fluid,  the  difgufting  manners  of  thefe 
animals  ought  no  longer  to  furprize  us,  for 
the  food,  however  putrid,  muft  be  totally 
changed  before  it  is  converted  into  nutri- 
ment and  animalized.  And  although  the 
putrid  quality  is  corrected  by  other  animals, 
yet  food  in  that  ftate  is  noxious  to  them,  on 
account  of  the  difagreeable  impreflion  it 
jnakes  on  the  organs  of  fmel|  and  tafte,  as 
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alfo  upon  the  ffomach,  by  which,  and  parti- 
cularly by  their  noifome  miafmata,  the  ner- 
vous fyftem  is  probably  irritated.  It  befides 
feems  likely,  that  the  antifeptic  power  of  the 
gaftric  fluid  of  the  former,  is  greater  and  more 
efficacious,  and  confequently  that  it  more 
readily  and  more  completely  corrects  putre- 
faction. Habit,  which  is  juftly  reputed  a 
fecond  nature,  may  bring  animals,  that  natu- 
rally abominate  putrid  food,  to  live  very  well 
upon  it.  We  have  already  witneffed  the  con- 
verfion  of  a pigeon  from  a granivorous  into  a 
carnivorous  animal  (CLXXV)  ; and  I brought 
it  to  eat  not  only  frelh  flelh,  but  fuch  as  was 
foetid,  and  even  completely  putrifled.  The 
bird  at  firft  abfolutely  refufed  it,  and  I was 
obliged  to  force  it  into  the  ftomach  ; for 
fome  days  it  fuffered  from  this  treatment,  and 
became  evidently  leaner.  But  by  degrees  na- 
ture became  inured  to  the  food,  and  the  pi- 
geon, ftimulated  by  hunger,  took  it  fponta- 
neoufly,  till  at  laft  it  recovered  its  plumpnefs  ; 
and  now  its  appetite  for  tainted,  was  as  keen 
as  it  had  been  before  for  fweet  meat.  We 
may  learn  from  this  inftance,  that  cuffom  is 
capable  of  changing  difagreeable,  and  even 
noxious  food,  into  good  nourishment. 

CCLXI.  But  what  Shall  we  fuppole  enables 
the  gaftric  fluid  to  check  and  corredi  putrefac- 
tion ? As  it  contains  a fait,  and  that  of  theam- 
monical  kind  (CCXLVI),  and  as  befides  the 
experiments  of  Pringle  Shew,  that  all  falts, 
whether  acid,  alkaline,  or  neutral,  whether 
volatile  or  fixed,  are  antifeptic  (a),  it  is  ob- 

(a)  Appendix,  containing  esperi  inputs  on  feptic  and 
antifeptic  fubftances, 
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obvious  to  conjecture,  that  thefe  two  quali- 
ties arile  from  the  fame  fource.  I conceived, 
however,  before  I determined  abfolutely,  that  ' 
dt  would  be  proper  to  attempt  a few  experi- 
ments. It  is  obferved  by  Pringle,  that  we 
mult  employ  common  fait,  which  fo  nearly 
relembles  fai  ammoniac,  in  conliderable  quan- 
tity, if  we  wifhittoaCtas  anantiieptic;  other- 
wile,  it  is  fo  far  from  checking,  that  it  pro- 
motes putrefaction.  Thus  a drachm  of  lalt, 
dilfolved  in  two  ounces  of  water,  keeps  meat 
fweet  but  a little  while,  and  twenty-live 
grains  a Itili  lefs  time  ; while  ten,  fifteen,  and 
even  twenty  grains  hafien  its  corruption. 
This  paradox  has  been  confirmed  in  France 
by  the  learned  Mr.  Gardane.  Notwithftand- 
ing  thefe  authorities,  I determined  to  bring 
it  to  the  telt  of  experiment.  I therefore  took 
four  phials,  and  putting  into  each  three  penny- 
weights, fix  grains  of  frelh  beef,  pounded 
very  finali,  I poured  upon  it  an  ounce  and  half 
of  water.  In  the  firfi:  phial  were  dilfolved  ten 
grains  of  common  fait,  in  the  fecond  fifteen, 
in  the  third  twenty,  and  the  fourth  was  left 
without  fait,  as  a term  of  comparifon.  The 
temperature  of  the  place  where  they  were 
kept,  was  about  fifteen  degrees.  The  firfi: 
phial  began  firfi:  to  emit  a foetid  fmell,  the 
fourth  next,  then  the  fecond,  and  lafily  the 
third.  The  other  tokens  of  putrefaction  ap- 
peared in  the  fame  order.  When  fai  ammo- 
niac was  fubftituted  in  the  place  of  common 
fait,  the  only  difference  in  the  refult,  con- 
filled  in  the  phial  which  contained  110  fait, 
and  that  which  contained  ten  grains,  begin- 
ning to  exhale  a putrid  fmell  at  the  fame 
time.  It  appears,  therefore,  that  Pringle's  ex- 
periment 
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periment  was  accurate,  and  that  the  Enne  thing 
nearly  is  true  of  fai  ammoniac.  In  order  to 
determine  whether  the  antifeptic  property  of 
the  gaftric  fluid  arifes  from  the  fai  ammoniac 
it  contains,  I diflolved  a quantity  of  that  fait 
by  degrees  in  water,  till  it  had  nearly  ac- 
quired the  fame  faltnefs  as  the  gaftric  fluid  ; 
fome  bruifed  flefh  was  then  immerfed  in  it. 
That  the  water  and  the  liquor  of  the  ftomach 
had  nearly  the  fame  faltnefs,  I affured  myfelf, 
both  by  tailing  it,  and  by  dropping  a few 
drops  of  each  into  a folution  of  hi  ver  in  the 
nitrous  acid,  when  each  afforded  the  fame 
white  precipitate.  But  it  is  this  caule  that 
prevents  putrefaction  ; for  the  flefh  immerfed 
in  the  fait  water,  emitted  a foetid  odour  fooner 
than  other  flefh  of  the  fune  kind,  infufed  in 
common  water  : and  although  when  more 
fai  ammoniac  was  employed,  putrefaction  was 
retarded,  it  was  not  prevented  j to  attain  this 
end,  eighteen  or  twenty  times  as  much  fait 
as  is  contained  in  the  gaftric  fluid  was  requi - 
fite.  Thefe  faCts  feem  clearly  to  Ihew,  that 
the  antifeptic  quality  of  the  gaftric  fluid  does 
not  depend  on  the  fmall  quantity  of  lai  am- 
moniac it  contains. 

CCLXII.  From  the  feptic  power  of  com- 
mon fait  in  fmall  quantity,  Mr.  Gardane  de- 
duces a confequence,  which  it  may  be  pro- 
per to  notice  in  paffing.  He  thinks  the  com- 
mon fait  we  take  with  our  food,  being  always 
in  little  dofes,  forwards  digeftion,  by  pro- 
moting putrefaction  ; upon  which,  accord- 
ing to  him,  as  we  have  feen  above  (CCXLIX), 
that  function  depends.  Though  my  nume- 
rous experiments  completely  deftroy  this  fup- 
ppfltion,  yet  it  feemed  worth  while  to  try 

what 
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what  would  happen  to  flefh  feafoned  with 
fuch  a proportion  of  common  frit  as  haftens 
putrefaction,  and  given  to  different  animals. 
Some  tubes,  filled  with  flefh  thus  prepared, 
and  others,  with  fome  of  the  fame  kind, 
without  fait,  were  given  to  a dog  and  a cat. 
The  animals  were  opened  in  five  hours,  and 
upon  examining  the  tubes,  I could  not  per- 
ceive that  the  fait  had  occafioned  any  differ- 
ence. What  remained  undiflolved,  had  hill 
a flight  fait  tafte,  but  not  the  leaf  difigree- 
able  fmell  ; and  it  was  juft  as  much  wafted  as 
the  other.  It  therefore  appears,  that  this  fmall 
dofe  of  frit  had  neither  promoted  digeftion, 
nor  produced  any  tendency  to  putrefaction, 
being  overpowered  by  the  antifeptic  quality 
of  the  gaftric  fluid. 

CCLXIII.  But  to  return  from  this  digref- 
fion.  If  the  fait  contained  in  the  gaftric  fluid 
is  not  the  caufe  of  its  antifeptic  power,  to 
what  other  principle  can  it  be  owing  ? Mac- 
bride’s  theory  concerning  the  origin  of  this 
property  in  fo  many  bodies,  has  great  inge- 
nuity. The  cohefion  and  folidity  of  fub- 
ftances,  is  in  his  opinion  owing  to  the  fixed 
air  they  contain.  Now  when  by  any  means 
this  is  taken  away,  the  mutual  adhefion  of 
the  feveral  parts  will  be  deftroyed,  and  the 
body  will  either  run  into  the  putrefactive  fer- 
mentation, or  crumble  into  duft,  according, 
to  the  nature  of  its  conftituent  parts.  Hence 
•it  neceflarily  follows,  that  whatever  fubftance 
has  the  power  of  impeding  the  reparation  of 
fixed  air,  or  reftoring  it  when  feparated,  will 
alfo  prevent  or  correCt  putrefaction.  But  an- 
tifeptic matters  have,  ac  ’’  ' j1  ‘ 
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inftance,  furrounded  by  a fubdance  of  this 
kind,  is  kept  fweet,  becaufe  the  fixed  air  can- 
not make  its  efcape  ; and  that,  probably,  on 
account  of  its  pores  being  blocked  up  by  the 
finer  particles  of  the  antifeptic  matter.  Hence 
the  fldh  will  long  preferve  its  natural  tafte 
and  confidence.  If  it  has  already  become  pu- 
trid, it  will  receive  fixed  air  from  the  anti- 
feptic body,  and  hence  ceafe  by  degrees  to  ex- 
hale a fetid  fmell,  lofe  its  fluidity  and  flabbi- 
neis,  and  at  lad  recover  its  lweetnefs  and 
firm n el's  (a). 

Will  not  this  theory  account  for  the  anti- 
feptic power  of  the  gadric  fluid  ? Without 
going  out  of  my  way  to  examine  the  founda- 
tion on  which  it  reds,  I will  obferve,  that  it 
feems  by  no  means  to  afford  the  information 
wanted,  fince  the  gadric  fluid  is  an  antifeptic 
of  a Angular  fort.  Other  fubdances  ponef- 
fing  this  property,  while  they  keep  away  pu- 
trefaction, preferve  or  redore  the  cohefion  of 
the  parts  3 whereas  the  gadric  fluid  being  at 
once  an  antifeptic  and  folvent,  while  it  pre- 
vents or  corrects  putrefaction,  reduces  bodies 
into  very  finali  particles.  We  mud  therefore 
conclude,  that  the  property  of  this  animal 
fluid  arifes  from  fome  other  principle,  though 
I cannot  determine  what  that  principle  is, 
both  for  want  of  experimental  data,  and  on 
account  of  the  imperfeCt  date  in  which  phy- 
ficians  have  left  the  theory  of  putrefaction. 
I therefore  chofe  to  acknowledge  my  igno- 
rance, rather  than  invent  fome  gratuitous  hy- 
potheiis  ; fuch  a mode  of  proceeding  would 
ill  agree  with  the  difpofition  of  one,  who  has 

(<7)  Macbfitle,  1.  c, 
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no  other  obied  in  view  than  the  difeovery  of 
truth. 

CCLXIV.  For  the  fake  of  my  readers,  it 
may  be  proper  to  recapitulate  what  has  been 
proved  in  this  diifertation.  Firft,  of  the  three 
ipecies  of  fermentation  eftablifhed  by  modern 
chemifts  and  naturalifts,  viz.  the  fweet,  the 
acetous,  and  the  putrid,  neither  takes  place  in 
digeftion.  Secondly,  Though  this  fundion 
is  fometimes  accompanied  with  an  acid,  yet 
this  principle  difappears  entirely  towards  the 
conciufion  of  it.  Thirdly,  Putrefadion  ne- 
ver in  health  attends  digeftion.  Fourthly, 
The  gaftric  fluid  is  a real  antifeptic.  I fup- 
pofe  my  proofs,  however  conclufive,  will  not 
avail  with  thofe  who  eftablifh  it  as  an  axiom, 
that  wherever  there  is  heat  and  moifture,  there 
muft  be  fermentation  ; and  think  that  it  muft 
therefore  neceflarily  take  place  in  the  food,  and 
not  only  in  the  ftomachand  inteftines,  but  in  the 
chyliferous  and  fanguiferous  veflels  : they  in- 
deed limit  their  dodrine  fo  far  as  to  fay,  that 
whereas  out  of  the  body  it  goes  on  rapidly, 
and  with  an  inteftine  commotion,  in  the  body 
of  it  is  flow,  weak,  and  generally  impercep- 
tible. Let  me  intreat  thefe  learned  and  zea- 
lous advocates  for  fermentation  to  refled, 
that  my  experiments  are  not  diredly  repug- 
nant to  theirs.  I only  pretend  to  mew, 
that  not  the  fmalleft  ienflble  fermentation 
takes  place  in  the  ftomach  of  animals  or  man. 
With  refped  to  infenfible  fermentation,  as  it 
is  amongfl:  uncertain  things,  found  logic  for- 
bids me  alike  either  to  admit  or  rejed  it. 
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DIGESTION 


STOMACH  after  DEATH. 

I 

By  John  Hunter,  F,  R.  S.  and  Surgeon 
to  St.  George’s  Hofpital*. 


N accurate  knowledge  of  the  appear r- 
ances  in  animal  bodies  that  die  of  a vio- 


lent death,  that  is,  in  perfed  health,  or  in  a 
found  fiate,  ought  to  be  confidered  as  a ne- 
celfary  foundation  for  judging  of  the  fiate  of 
the  body  in  thofe  that  are  difeafed. 

But  as  an  animal  body  undergoes  changes 
after  death,  or  when  dead,  it  has  never  been 
futhciently  confidered  what  thofe  changes 
are  ; and  till  this  be  done,  it  is  impoffible  we 
fhould  judge  accurately  of  the  appearances  in 
dead  bodies.  The  difeafes  which  the  living 
body  undergoes  (mortification  excepted)  are 
always  conneded  with  the  living  principle, 
and  are  not  in  the  leali  limilar  to  what  may 
be  called  difeales  or  changes  in  the  dead  body  : 

* Sec  Philofophicjil  Tranfaétions,  Voi.  LXII.  p.  447. 
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without  this  knowledge,  our  judgment  of  the 
appearances  ip  dead  bodies  mil  ft  often  be  very 
irnperfedt,  or  very  erroneous  ; we  may  fee  ap- 
pearances which  are  natural,  and  may  fup- 
pofe them  to  have  arifen  from  difeaie  ; we 
may  fee  difeafed  parts,  and  fuppofe  them  in  a 
natural  ftate  ; and  we  may  fuppofe  a circum- 
ftance  to  have  exifted  before  death,  which 
was  really  a confequence  of  it  ; or  we  may 
imagine  it  to  be  a natural  change  after  death, 
when  it  was  truly  a difeafe  of  thè  living  body. 
It  is  eafy  to  fee  therefore,  how  a man  in  this 
ftate  of  ignorance  muft  blunder,  when  he 
comes  to  connedt  the  appearances  in  a dead 
body  with  the  fymptoms  that  were  obfferyed 
in  life;  and  indeed,  all  the  ufefulnefs  of  open- 
ing dead  bodies  depends  upon  the  judgment 
and  fagacity  with  which  this  fort  of  compa- 
rifon  is  made. 

There  is  a cafe  of  a mixed  nature,  which 
cannot  be  reckoned  a procefs  of  the  living 
body,  nor  of  the  dead  ; it  participates  of 
both,  inafmuch  as  its  caufe  arifes  from  the 
living,  yet  cannot  take  effedt  till  after  death. 

This  ftiall  be  the  objedt  of  the  prefent  pa- 
per; and,  to  render  the  fubjedt  more  intelli- 
gible, it  will  be  neceftary  to  give  fome  gene- 
ral ideas  concerning  the  caufe  and  effedts. 

An  animal  lubftance,  when  joined  with 
the  living  principle,  cannot  undergo  any 
change  in  its  properties  but  as  an  animal; 
this  principle  always  adting  and  prefervi ng 
the  fpbftance,  which  it  inhabits,  from  diffo- 
lution,  and  from  being  changed  according  to 
the  natural  changes,  which  other  fubftances, 
applied  to  it,  undergo. 
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There  are  a great  many  powers  in  nature, 
which  the  living  principle  does  not  enable 
the  animal  matter,  with  which  it  is  com- 
bined, to  refill;,  viz.  the  mechanical  and  mod; 
of  the  ftronger  chemical  folvents.  It  renders 
it  however  capable  of  refilling  the  powers  of 
fermentation  ; digeftion,  and  perhaps  feveral 
others,  which  are  well  known  to  adt  on  this 
lame  matter,  when  deprived  of  the  living 
principle,  and  entirely  to  decompofe  it.  The 
number  of  powers,  which  thus  adt  differently 
on  the  living  and  dead  animal  fubftance,  is 
not  afcertained  : we  fhall  take  notice  of  two, 
which  can  only  affedt  this  fubftance  when 
deprived  of  the  living  principle  ; which  are, 
putrefadtion  and  digeftion.  Putrefadtion  is 
an  effedt  which  arifes  fpontaneoully  ; digef- 
tion is  an  effedt  of  another  principle  adting 
upon  it,  and  fhall  here  be  confidered  a little 
more  particularly. 

Animals,  or  parts  of  animals,  poffeffed  of 
the  living  principle,  when  taken  into  the  fto- 
mach,  are  not  the  lead  alfedted  by  the  powers 
of  that  vifcus,  fo  long  as  the  animal  princi- 
ple remains  ; hence  it  is  that  we  find  animals 
of  various  kinds  living  in  the  ftomach,  or 
even  hatched  and  bred  there  : but  the  mo- 
ment that  any  of  thofe  lofe  the  living  prin- 
ciple, they  become  fubjedt  to  the  digeftive 
powers  of  the  ftomach.  If  it  were  poffible 
for  a man’s  hand,  for  example,  to  be  intro- 
duced into  the  ftomach  of  a living  animal, 
and  kept  there  for  fome  confiderable  time, 
it  would  be  found,  that  the  diffolvent  powers 
of  the  ftomach  could  have  no  effedt  upon  it  5 
but  if  the  fame  hand  were  feparated  from  the 
body,  and  introduced  into  the  fame  ftomach, 
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we  fhould  then  find  that  the  ftomach  wouid 
immediately  ad:  upon  it. 

Indeed,  if  this  were  not  the  cafe,  we 
fhould  find  that  the  ftomach  itfelf  ought 
to  have  been  made  of  indigeftible  materials  ; 
for,  if  the  living  principle  was  not  capable  of 
prelerving  animal  fu  b fiances  from  undergo- 
ing that  procefs,  the  ftomach  itfelf  would  be 
digefted. 

But  we  find  on  the  contrary,  that  the  fto- 
mach, which  at  one  inftant,  that  is,  while 
pofTeffed  of  the  living  principle,  was  capable 
of  refilling  the  digeftive  powers  which  it  con- 
tained, the  next  moment,  viz.  when  deprived 
of  the  living  principle,  is  itfelf  capable  of 
being  digefted,  either  by  the  digeftive  powers 
of  other  ftomachs,  or  by  the  remains  of  that 
power  which  it  had  of  digefting  other  things. 

From  thefe  obfervations,  we  are  led  to  ac- 
count for  an  appearance  which  we  often  find 
in  the  ftomachs  of  dead  bodies  ; and  at  the 
fame  time  they  throw  a confiderable  light 
upon  the  nature  of  digeftion.  The  appear- 
ance which  has  been  hinted  at,  is  a di  Ablu- 
tion of  the  ftomach  at  its  greateft  extremity  ; 
in  confequence  of  which,  there  is  frequently 
a confiderable  aperture  made  in  that  vifcus. 
The  edges  of  this  opening  appear  to  be  half 
difl'olved,  very  much  like  that  kind  of  dilfo- 
lution  which  flefhy  parts  undergo  when  half 
digefted  in  a living  ftomach,  or  when  dif- 
folved  by  a cauftic  alkali,  viz.  pulpy,  tender, 
and  ragged.  _ 

In  thefe  cafes,  the  contents  of  the  ftomach 
are  generally  found  loofe  in  the  cavity  of  the 
abdomen,  about  the  fpleen  and  diaphragm. 
In  many  fubjedts  this  digeftive  power  extends 
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much  further  than  through  the  ftomach. 
I have  often  found,  that  after  it  had  diffolved 
the  ftomach  at  the  ufual  place,  the  contents 
of  the  ltomach  had  come  into  contadi  with 
the  fpleen  and  diaphragm,  had  partly  diffolved 
the  adjacent  lide  of  the  fpleen,  and  had  diffolved 
the  diaphragm  quite  through  ; fo  that  the  con- 
tents of  the  ftomach  were  found  in  the  cavity 
of  the  thorax,  and  had  even  affedled  the  lungs 
in  a fmall  degree. 

There  are  very  few  dead  bodies,  in  which 
the  ftomach  is  not,  at  its  great  end,  in  fome 
degree  digefted  ; and  one  who  is  acquainted 
with  diffeótions,  can  eafily  trace  the  gradations 
from  the  fmalleft  to  the  greateft. 

To  be  fenfible  of  this  effedt,  nothing  more 
is  neceffary,  than  to  compare  the  inner  furface 
of  the  great  end  of  the  flomach,  with  any 
other  part  of  the  inner  furface;  what  is  found, 
will  appear  loft,  fpongv,  and  granulated, 
and  without  diflindl  blood-veffels,  opakeand 
thick;  while  the  other  will  appear  fmooth, 
thin,  and  more  tranfparent;  and  the  veffels 
will  be  feen  ramifying  in  its  fubftance,  and 
upon  fqueezing  the  blood  which  they  con- 
tain from  the  larger  branches  to  the  fmaller, 
it  will  be  found  to  pafs  out  at  the  digefted 
ends  of  the  veffels,  and  appear  like  drops  on 
the  inner  furface. 

Thefe  appearances  I had  often  feen,  and  I 
do  fuppofe  that  they  had  been  feen  by  others  ; 
but  I was  at  a lots  to  account  for  them  ; at 
fìrfl,  I funpofed  them  to  have  been  produced 
during  life,  and  was  therefore  difpofed  to 
look  upon  them  as  the  caufe  of  death  ; but  I 
never  found  that  they  had  any  connection 
with  the  fymptoms  : and  I was  ft  ill  more  at 
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a lofs  to  account  for  thefe  appearances,  when 
I found  that  they  were  moft  frequent  in  thofe 
who  died  of  violent  deaths,  which  made  me 
fufpeót  that  the  true  caufe  was  not  even 
imagined  (a) . 

At  this  time  I was  making  many  experi- 
ments upon  digeftion,  on  different  animals, 
all  of  which  were  killed,  at  different  times, 

• after  being  fed  with  different  kinds  of  food  -, 
fome  of  them  were  not  opened  immediately 
after  death,  and  in  fome  of  them  I found  the 
appearances  above  deferibed  in  theftomach. 
For,  purfuing  the  enquiry  about  digeftion, 
I got  the  ftomachs  of  a vaft  variety  of  ffth, 
which  all  die  of  violent  deaths,  and  all  may 
be  faid  to  die  in  perfect  health,  and  with  their 

(a)  The  fir  ft  time  that  I had  occafion  to  obferve  this 
appearance  in  fuch  as  died  of  violence  and  fuddenly,  and 
in  whom  therefore  I could  not  eafily  fuppofe  it  to  be  the 
effect  of  difeafe  in  the  living  body,  was  in  a man  who  had 
his  fkull  fractured,  and  was  killed  outright  by  one  blow 
of  a poker.  Juft  before  this  accident,  he  had  been  in 
perfect  health,  and  had  taken  a hearty  fupper  of  cold 
meat,  cheefG,  bread,  and  ale.  Upon  opening  the  abdo- 
men, I found  that  the  ftomach,  though  it  (till  contained 
a good  deal,  was  difiolved  at  its  great  end,  and  aconfulc- 
rable  part  of  thefe  its  contents  lay  loofe  in  the  general 
cavity  of  the  belly.  This  appearance  puzzled  me  very 
much.  The  fecorid  time  was  at  St.  George’s  Hofpital, 
in  a man  who  died  a few  hours  after  receiving  a blow  on 
his  head,  which -fractured  his  fkull  likewile.  Prom  thofe 
two  cafes,  among  other  conjectures  about  fo  frange  an 
appearance,  I began  to  fufpeCt  that  it  might  be  peculiar 
to  cafes  of  fractured  fkulls  ; and  therefore,  whenever  I 
bad  an  opportunity,  I examined  the  ftomach  of  every  per- 
lon  who  died  of  that  accident  : but  I found  many  of  them 
which  had  not  this  appearance.  Afterwards  I met  with 
it  in  a foldier  who  had  been  hanged. 


ftomach 
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ftomach  commonly  full  ; in  thefe  animals  we 
fee  the  progrefs  of  digeftion  moft  diftin&ly  ; 
for  as  they  fwallowed  their  food  whole,  that 

is,  without  maftication,  and  fwallow  fifh  that 
are  much  larger  than  the  digefting  part  of  the 
ftomach  can  contain  (the  fhape  of  the  fidi 
fwallowed  being  very  favourable  for  this  en- 
quiry), we  find  in  many  inftances  that  the  part 
of  the  fwallowed  fifh  which  is  lodged  in  the 
digefting  part  of  the  ftomach  is  mere  or  lefs 
diffolved,  while  that  part  which  remains  in 
the  cefophagus  is  perfectly  found. 

And  in  many  of  thefe  I found,  that  this 
digefting  part  of  the  ftomach  was  itfielf  re- 
duced to  the  lame  diffolved  ftate  as  the  digefted 
part  of  the  food. 

Being  employed  upon  this  fubjefb,  and 
therefore  enabled  to  account  more  readily  for 
appearances  which  had  any  connection  with 

it,  and  obferving  that  the  half- diffolved  parts 
of  the  ftomach,  &c.  were  fimilar  to  the  nalf- 
digefted  food,  it  immediately  ftruck  me,  that 
it  was  from  the  procefs  of  digeftion  going  on 
after  death,  that  the  ftomach,  being  dead, 
was  no  longer  capable  of  refitting  the  powers 
of  that  menftruum,  which  itfelf  had  formed 
for  the  digeftion  of  its  contents;  with  this 
idea,  I fet  about  making  experiments  to  pro- 
duce thefe  appearances  at  pleafure,  which 
would  have  taught  us  how  long  the  animal 
ought  to  live  after  feeding,  and  how  long  it 
lliould  remain  after  death  before  it  is  opened  ; 
and  above  all,  to  find  out  the,  method  of  pro- 
ducing the  greateft  digeftive  power  in  the  liv- 
ing ftomach  : but  this  purfuit  led  me  into  an 
unbounded  field. 


Thefe 
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Thefe  appearances  throw  confiderable 
light  on  the  principles  of  digeftion  ; they 
fhew  that  it  is  not  mechanical  power,  nor 
contractions  of  the  ftomach,  nor  heat,  but 
fomething  fecreted  in  the  coats  of  the  fto- 
mach, which  is  thrown  into  its  cavity,  and 
there  animalifes  the  food  (a),  or  affimilates  it 
to  the  nature  of  the  blood.  The  power  of 
this  juice  is  confined  or  limited  to  certain 
fub fiances,  efpecially  of  the  vegetable  and 
animal  kingdoms  ; and  although  this  men- 
ftruum  is  capable  of  adting  independently 
of  the  ftomach,  yet  it  is  obliged  to  that  vif- 
cus  for  its  continuance. 

(a)  In  all  the  animals,  whether  carnivorous  or  not, 
upon  which  I made  obfervations  or  experiments  to  difeover 
whether  or  not  there  was  an  acid  in  the  ftomach,  (and  I 
tried  this  in  a great  variety),  I conftantly  found  that  there 
was  an  acid,  but  not  a ftrong  one,  in  the  juices  contained 
in  that  vifeus  in  a natural  ftate. 
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THE  following  experiments  were  made 
at  Edinburgh  upon  an  HufTar,  a man  of 
weak  underftanding,  who  gained  a miferable 
livelihood,  by  fwallowing  hones  for  the  a- 
mufement  of  the  common  people,  at  the  im- 
minent hazard  of  his  life.  He  began  this 
practice  at  the  age  of  feven,  and  has  now  fol- 
lowed it  twenty  years.  His  ftomach  is  fo 
much  dihended,  that  he  can  fwallow  leverai 
hones  at  a time  ; and  thefe  may  not  only  be 
plainly  felt,  but  may  be  heard,  whenever  the 
nypogahric  region  is  hruck. 
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EXPERIMENT  I. 

At  eight  o’clock  in  the  evening,  I gave  the 
fubjedt  of  my  experiments  a hollow  filver 
fphere,  divided  into  two  cavities  by  a parti- 
tion, and  perforated  on  the  furface  with  a 
great  number  of  holes,  capable  of  admitting 
a needle  : into  one  of  thefe  cavities  was  put 
four  fcruples  and  a half  of  raw  beef,  and  into 
the  other  five  fcruples  of  raw  bleak.  The  ' 
fphere  was  voided  in  twenty-one  hours,  when 
the  beef  was  found  to  have  lofi:  one  fcruple 
and  a half,  and  the  fidi  two  fcruples  4 The 
reft  was  much  foftened,  but  had  no  difagree- 
able  fmell. 

II.  A few  days  afterwards  he  took  the  fame 
fphere,  containing  in  one  cavity  a fcruple 
and  four  grains  of  raw  beef,  and  in  the  other 
four  fcruples  and  eight  grains  of  the  fame 
boiled.  In  forty-three  hours  the  fphere  was 
returned,  and  the  raw  fieih  had  loft  one 
fcruple  and  two  grains,  and  the  boiled  one 
fcruple  and  fixteen  grains. 

III.  Sufpedting  that  if  thefe  fubftances 
were  divided,  fo  that  the  folvent  could  have 

) freer  accefs  to  them,  more  of  them  would  be 
diftblved,  I procured  another  fphere  with 
holes,  fo  large  as  to  receive  a crow’s  quill, 
and  enclofed  fome  beef  a little  mafticated  in 
it.  It  was  voided  quite  empty,  thirty-eight 
hours  after  it  was  fwallowed. 

IV.  Seeing  how  readily  the  chewed  meat 
was  difiblved,  I thought  of  trying  whether  it 
would  be  as  foon  diflolved  in  a fphere  with 
large  holes,  but  without  being  chewed.  I 
therefore  put  a fcruple  and  eight  grains  of 
pork  into  one  cavity,  and  into  the  other  the 

, fame 
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lame  quantity  of  cheefe.  The  fphere  was 
retained  forty-three  hours,  at  the  end  of 
which  not  the  fmalleft  remains  of  either 
pork  or  cheefe  could  be  found. 

V.  He  afterwards  fwallowed  the  fame 
fphere,  containing  in  one  partition  fome 
roafted  turkey,  and  in  the  other  fome  boiled 
fait  herring.  In  forty-fix  hours  it  was  void- 
ed, and  nothing  of  the  turkey  or  herring  now 
appeared,  both  having  been  completely  dif- 
folved. 

VI.  Having  found  that  animal  fubftances, 
though  inclofed  in  tubes,  are  eafily  concodted, 

I next  determined  to  try  whether  vegetables, 
which  are  more  difficultly  digefted,  would 
be  fo  too.  I therefore  encloied  an  equal 
quantity  of  raw  parfnep  and  potatoe  in  a 
fphere.  It  was  voided  after  having  continued 
forty-eight  hours  in  the  alimentary  canal, 
when  both  fpecies  of  vegetable  were  found  to 
be  difiolved. 

VII.  Pieces  of  apple  and  turnep,  both 
raw  and  boiled, . were  difiolved  in  thirty-fix 
hours. 

VIII.  He  next  fwallowed  fome  grains  of 
wheat,  rye,  barley,  oats,  and  peafe,  contained 
in  a fphere,  which  remained  leverai  hours  in 
the  alimentary  canal,  but  no  alteration  was 
produced  on  any  of  its  contents,  except  upon 
the  peafe,  which  were  fwoln,  and  burft  by 
the  humidity  they  had  imbibed. 

IX.  The  readinels  with  which  the  gaftric 
fluid  had  adtedupon  roafted  animal  fubftances, 
induced  me  to  try  what  change  would  be  pro- 
duced by  it  upon  hard  ones,  fuch  as  bone. 
I therefore  inclofed  in  one  partition  of  a 
fphere,  fome  of  the  bone  from  a leg  o'f  mut- 
ton. 
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ton,  and  in  the  other  part  of  a turkey’s  wing. 
The  fphere  was  retained  forty-eight  hours. 
The  bone  was  weighed,  and  found  to  have 
loft  nothing  of  its  weight,  while  the  flefh, 
fkin,  and  ligaments  were  quite  dilfoived,  fo 
that  the  bones  of  the  wing  were  now  quite 
feparate  -,  but  they  had  undergone  no  per- 
ceptible alteration. 

X.  Inanimate  matters  being  fo  readily  fo- 
luble,  I refolved  to  enquire  how  far  living 
animals  are  capable  of  refilling  the  addio  n of 
this  powerful  menftruum.  With  this  view, 
an  animal  fuppofed  to  be  deftitute  of  pores, 
and,  according  to  my  experiments,  capable 
of  fuftaining  a degree  of  heat  equal  to  the 
human  temperature,  was  enclofed  in  a fphere 
perforated  with  fmall  holes,  to  prevent  the 
leech  from  wounding  the  ftomach.  The 
Huftar  took  it,  and  voided  it  about  the  ufual 
time,  when  nothing  was  found  except  a black 
vifcid  miafma,  the  remains  of  the  digefted 
leech.  This  experiment  was  repeated  with 
earth-worms,  and  they  were  dift'olved  with 
equal  facility.  But  as  they  cannot  fo  well 
fupport  the  human  temperature,  it  is  pro- 
bable they  died  before  they  began  to  be  dif- 
folved  *. 

It  was  my  intention  to  make  more  experi- 
ments of  this  kind,  but  as  the  Huftar  left 
Edinburgh,  foon  afterwards,  I was  obliged  to 
have  recourfe  to  dogs  and  ruminating  ani- 
mals. 

XL  À whelp,  three  months  old,  having 
been  kept  fourteen  hours  without  :lood,  was 
forced  to  fwallow  four  oval  ivory  globes,  of 

* Perhaps  this  js  alfo  the  cafe  with  lccchcs. 

different 
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different  fizes,  and  perforated  with  many 
finali  holes.  One  contained  beef,  another 
haddock,  a third  potatoe,  and  a fourth  cab- 
bage, all  raw,  and  weighing  each  fixteen 
grains.  In  four  hours  the  animal  was  killed 
and  opened.  Tfbe  globes  were  found  in  the 
ftomach,  and  their  refpedive  contents  were 
diminifhed  in  the  following  proportions  : The 
fifh  had  loft  nine  grains,  the  beef  five,  the 
potatoe  three,  and  the  cabbage  one.  The 
globes  themfelves  appeared  to  be  thinner,  but 
as  I had  no  fufpicion  that  the  ivory  would  be 
affeded  by  the  gaftric  fluid,  I did  not  weigh 
them  before  the  experiment.  I could  not 
therefore  exadly  afcertain  their  diminution. 

XII.  Having  procured  a whelp  five  months 
old,  it  was  kept  falling  fixteen  hours,  and 
then  four  of  the  globes  ufed  in  the  foregoing 
experiment,  each  containing  a certain  quan- 
tity of  mutton,  turbot,  parlhep,  and  pota- 
toe were  forced  upon  it.  Thefe  fubftances 
had  been  previoully  expofed  to  the  adion  of 
fire,  and  each  weighed  fixteen  grains.  Seven 
hours  afterwards  the  animal  was  killed,  and 
the  globes  were  taken  out  of  the  ftomach  ; 
when  the  fifh  was  found  to  have  loft  ten 
grains  and  ^a  half,  the  mutton  lix,  the  po- 
tatoe five,  and  the  parfnep  nothing.  The 
fpheres  were  become  ftill  thinner,  but  I had 
as  before,  neglededto  weigh  them. 

XIII.  A dog  fix  months  old  was  kept  fall- 

ing the  ufual  time,  and  the  fame  four  fpheres 
were  given  him.  The  firft  contained  fixteen 
grains  of  boiled  mutton,  the  fecond  as  much 
boiled  fifh,  the  third  the  fame  quantity  of 
boiled  potatoe,  and  the  fourth  of  boiled  parf- 
nep. In  eight  hours  it  was  killed  and  open- 
- ’ cd. 
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eel.  The  globes  were  found  greatly  altered  (a) . 
The  extreme  parts,  not  the  middle,  were 
totally  diffolved,  fo  that  the  contents  lay 
loofe  in  the  ftomach.  The  fpheres,  before 
the  experiment,  weighed  together  three 
fcruples  fixteen  grains;  the  fragments  weigh- 
ed only  one  fcruple  and  twenty  grains.  The 
mutton  and  fhh  were  entirely  concodted, 
the  potatoe  had  loft  twenty-one  grains  ; but 
the  parfhep  was  unchanged. 

XIV.  Being  furprized  at  the  fpeedy  folu- 
tion  of  ivory  by  the  gaftric  fluid,  I deter- 
mined to  fubjedl  other  hard  bodies  to  its 
aeftion.  I therefore  carefully  weighed  three 
pieces  of  a fheep’s  thigh  bone,  and  gave 
them  to  a dog  that  had  been  long  kept  fall- 
ing. Seven  hours  afterwards  the  animal  was 
killed,  and  the  bones  were  taken  out  of  the 
ftomach.  The  firft  had  loft  feven,  the  fe- 
cond  nine,  and  the  third  twelve  grains.  The 
folution  began  at  the  internal  furface,  and 
advanced  towards  the  center,  fo  that  the  ca- 
vity was  conftderably  augmented  (6). 

(fi)  The  author  has  exprefied  this  very  obfeurely. 
Partes  eorum  extremae,  non  mediae,  ex  toto  folutre  funt, 
&c.  I confcfs  I am  yet  to  learn,  what  are  the  extreme  parts 
or  ends  of  a fphere.  T, 

( b ) In  order  to  allure  myfelf  that  this  folution  was  not 
owing  to  fermentation,  or  an  acid,  I immerfed  a bone  of 
the  fame  kind,  in  an  alimentary  mixture,  confiding  of 
roafted  beef,  wheaten  bread  and  water,  beaten  into 
a pulp.  When  it  had  remained  forty-eight  hours  in  a 
temperature,  equal  to  102  deg.  of  Fahr.  I herm.  it  was 
examined  : the  fermentation  had  run  very  high,  and  the 
acidity  was  ftrong,  but  the  bone  had  undergone  no  di- 
minution. It  was,  however,  much  foftened. 
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I moreover  obliged  my  dog  to  fwallow- 
pieces  of  cartilage,  but  I found  that  the  gaf- 
tric  fluid  produced  no  effedt  Upon  them. 

XV.  As  the  ivory  lpheres  and  bones  were 
fo  readily  diflolved  in  the  foregoing  experi- 
ments, I was  induced  to  make  trial  of  home 
bodies  drill  harder.  With  this  view  I pro- 
cured fome  cylindrical  tin  tubes,  perforated 
with  a great  number  of  holes  ; of  which 
four  were  given  to  a dog  that  had  been  kept 
fading  twelve  hours.  The  firft  contained 
lixteen  grains  of  roafted  beef,  the  fecond  the 
fame  quantity  of  veal,  the  third  of  fat,  and 
the  fourth  of  wheaten  bread.  In  ten  hours 
the  animal  was  killed  and  opened,  and 

I the  tubes  were  taken  out  of  its  ftomach. 

The  beef  and  bread  were  quite  diflolved  ; the 
I vea]  had  loft  only  ten  grains,  and  the  fat 
I eight  and  a half.  The  tubes  had  not  under- 
I gone  the  fmalleft  alteration. 

XVI.  As  in  the  laft  experiment  the  veal 
I was  not  fo  foon  diflolved  as  the  beef,  I began 

to  fufpeft  that  the  flefh  of  young  animals  in 
P general  is  lefs  eafy  to  digeft  than  that  of  old 
I ones.  I therefore  took  care  to  repeat  the  ex- 
I periment  with  lamb  and  mutton,  which  were 
;j  put  in  equal  quantities  into  two  tubes. . The 
|j  refult  was  as  before.  In  feven  hours  the 
j|  mutton  was  quite  diflolved,  whereas  the  lamb 
I had  loft  only  ten  grains.  The  remains  of 
I veal  and  lamb  in  thefe  experiments  were  fur- 
! rounded  with  a vifcid  gelatinous  matter. 

I XVII.  Sixteen  grains  of  raw  beef,  and  the 
I fame  quantity  of  roafted  were  inclofed  in  two 
I tubes,  and  given  to  a dog,  which  was  killed 
I feven  hours  afterwards,  when  the  former  was 

VoLi  I.  X found 
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found  to  have  loft  fifteen  grains,  while  the 
latter  was  completely  difiolved. 

XVIII.  The  fame  experiment  was  repeated 
with  filli  inftead  of  flelh.  Sixteen  grains  of 
raw  and  as  much  boiled  haddock,  were  in- 
clofed  in  two  tubes,  and  given  to  a dog. 
When  he  was  killed,  no  remains  of  the 
boiled  could  be  found  ; the  raw  portion  had 
loft  fourteen  grains. 

XIX.  I next  enquired  whether  quadrupeds 
or  birds  are  moft  eafily  digefted.  For  this 
purpofe,  equal  quantities  of  beef,  mutton, 
and  fowl  were  inclofed  in  three  tubes,  and 
given  to  a dog  ; they  were  each  roafted,  and 
weighed  iixteen  grains.  Upon  killing  the 
dog,  and  examining  the  tubes,  I found  that 
the  mutton  and  beef  had  been  difiolved, 
while  the  fowl  had  only  loft  eleven  grains. 

Moft  of  the  experiments  related  above, 
were  repeated  oftener  than  once,  and  afforded 
the  fame  refult.  We  cannot  therefore  enter- 
tain any  doubt  concerning  the  mode  of  di- 
geftion  in  this  clafs  of  animals.  Whether 
the  concobtion  of  ruminating  animals  is 
effected  in  the  fame  manner,  I endeavoured 
to  afeertain  by  the  following  experiments. 

XX.  I gave  a ftieep  four  cylindrical  tin 
tubes,  each  containing  fixteen  grains  of  raw 
beef,  falmon,  turnep,  or  potatoe;  fix  hours 
afterwards  the  animal  was  killed  ; the  tubes 
were  found  in  the  firft  ftomach.  The  filli 
and  flelh  were  unaltered,  whereas  the  turnep 
and  potatoe  were  quite  difiolved 

XXL  The  fame  experiment  being  repeated 
with  the  fame  fubftances  boiled,  afforded  the 
fame  refult.  The  vegetables  were  digefted, 
and  the  beef  and  falmon  unchanged. 
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XXII.  Having  found  that  the  fheep  di- 
gefts  vegetables  very  readily,  but  is  incapable 
of  diffolving  animal  fubftances,  I had  next 
recourfe  to  the  ox.  Four  tubes,  one  con- 
taining raw  beef,  another  fidi,  a third  chop- 
ped hay,  and  the  fourth  leaves  of  pot-herbs, 
fvere  given  to  an  animal  of  this  fpecies,  and 
it  was  killed  ten  hours  afterwards.  The 
tubes  lay  in  the  firft  ftomach  -,  the  fifh  and 
fiefh  were  not  altered  ; but  I could  find  no 
remains  of  the  hay  or  herbs. 

Many  experiments  of  the  fame  kind  were 
made  upon  this  animal,  and  they  led  me  to 
the  fame  conclufion,  viz.  that  the  gaficric 
fluid  of  the  ox  kind,  eafily  and  fpeedily  dif- 
folves  vegetables,  but  is  incapable  of  pro- 
ducing this  effedt  upon  animal  fubdances.. 

In  all  thefe  experiments,  I attribute  the 
folution  of  the  food  to  a powerful  meriftruum. 
fecreted  by  the  coats  of  the  ftomach.  It 
may  be  objected,  that  my  experiments  do 
not  clearly  fhew  whether  the  food  is  con- 
codted  by  the  gaftric  fluid,  or  by  fermenta- 
tion, for  both  caules  may  adt  equally  upon 
aliment  inclofed  in  the  fpheres.  But  befides 
the  arguments  already  adduced  to  fhew  (a), 
thatTermentation  does  not  produce  this  effedt, 
many  circumftances  attending  thefe  experi- 
ments, clearly  fhew  the  efficacy  of  the  gaf- 
tric  liquor.  For  in  the  experiments  in  which 
the  food  was  not  quite  dilfolved,  the  folution 
always  began  at  the  furface,  and  proceeded 
towards  the  center,  and  what  remained, 
fhewed  no  tokens  of  fermentation* 

In  the  X 1 1 Jth  experiment  ivory  was  dif- 
folved,  while  parfnep,  a vegetable  of  loft 


(a)  In  the  part  that  has  been  omitted. 
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texture,  and  liable  to  fermentation,  was  not  at 
all  altered. 

To  remove  every  doubt,  the  following  ex- 
periment was  feveral  times  repeated,  and  al- 
ways afforded  the  fame  refult. 

XXIII.  Having  kept  a dog  falling  eigh- 
teen hours,  that  his  llomach  might  be  free 
from  the  remains  of  food,  I killed  it,  and 
collected  about  half  an  ounce  of  pure  gaftric 
fluid,  which  vras  put  into  a phial  with  twelve 
grains  of  roaft  beef.  The  fame  quantity  of 
the  fame  beef  was  put  into  another  phial, 
containing  water,  in  order  to  ferve  for  a term 
of  comparifon.  Both  phials  were  placed  in 
a furnace,  of  which  the  temperature  was 
equal  to  102 — 104°  of  Fahrenheit's  thermome- 
ter. In  eight  hours  the  beef  in  the  gaftric 
fluid  was  quite  diflolved,  whereas  that  in  the 
water  had  undergone  no  perceptible  altera- 
tion. In  twenty-four  hours  both  phials 
were  taken  out  of  the  furnace  and  carefully 
examined.  The  food  diffolved  in  the  gaftric 
fluid  emitted  a rancid  and  pungent,  but  by 
no  means  a putrid  odour  ; it  refembled  very 
much  the  fmell  of  burnt  feathers.  The  meat 
in  the  other  phial  was  quite  putrid,  and  in- 
tolerably fetid  ; but  its  bulk  was  not  dimi- 
ni fired. 

I carefully  obferved  the  phial  containing 
the  gaftric  fluid  during  the  folution,  but 
could  perceive  no  air-bubbles  ariftng,  or  any 
other  token  of  fermentation.  I repeated  this 
experiment  with  mafticated  meat,  when  the 
folution  was  much  more  fpeedily  com- 
pleted. 

I afterwards  made  trial  of  mutton,  veal, 
lamb,  and  other  animal,  together  with  a great- 
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variety  of  vegetable  fubftances  ; all  were 
eafily  diflblved  ; but  the  time  requisite  for 
the  completion  of  this  procefs  was  different, 
and  anfwered  exadtly  to  the  refults  of  the  pre- 
ceding experiments. 

• As  in  this  experiment  there  was  no  fign  of 
fermentation  or  putrefaction,  I fufpedted  that 
the  gaftric  fluid,  as  well  as  the  faliva  (a), 
retards  both  the  one  and  the  other.  In-order 
to  determine  this,  I made  the  following  ex- 
periment. 

XXIV.  I took  two  alimentary  mixtures, 
each  conlifting  of  mutton  and  bread  in  equal 
quantities.  Upon  one,  half  an  ounce  of  the 
recent  gaftric  juice  of  a dog  was  poured,  and 
upon  the  other  the  fame  quantity  of  pare 
water.  Both  mixtures  were  beaten  to  a pulp, 
and  inclofed  in  phials  accurately  flopped  ; 
they  were  then  fet  in  a furnace,  heated  to  the 
102nd  deg.  of  Fahrenheit’s  thermometer. 
Fermentation  took  place  in  a few  hours  in 
the  phial  that  contained  the  water,  the  folid 
contents  rofe  to  the  furface,  and  air  was  ex- 
tricated with  a confiderable  inteftine  motion. 
The  mixture  immerfed  -in  the  gaftric  fluid, 
remained  fourteen  hours  with  fcarce  any  to- 
kens of  fermentation  ; but  a ftiort  time  af- 
terwards, this  procefs  evidently  took  place. 
The  bread  and  nefti  arofe  to  the  furface  of  the 
mixture,  a fediment  began  to  be  depofited, 
and  air-bubbles  were  continually  extricated. 
But  thefe  phenomena  continued  much  lon- 
ger than  in  the  other  phial  -,  the  commotion 

(«)  Where  did  the  author  learn  that  the  faliva  cheeks 
fermentation  ? It  appears  to  forward  it  both  from  the  ex- 
periments of  Pf ingle,  Macbride,  Spallanzani  and  others.  T. 
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was  lefs  violent,  and  the  air  was  not  fo  ra-t 
pidly  extricated.  When  the  fermentation 
had  entirely  ceafed,  the  taile  of  the  mixture 
in  this  phial  was  indeed  acid,  but  not  fo 
ftrong  as  in  the  other,  and  it  was  converted 
into  a fluid  by  the  ibi  vent  power  of  the  gaf- 
tric  liquor. 

XX' V.  I divided  a piece  of  putrid  mutton 
into  two  parts,  each  of  which  was  put  into 
a feparate  phial,  and  to  one,  half  an  ounce  of 
the  recent  gafiric  fluid  of  a dog  was  added, 
and  to  the  other,  which  was  defigned  as  a. 
term  of  comparifon,  as  much  water.  They 
were  fet  in  a cool  place,  and  two  days  after- 
wards I examined  them,  when  the  latter  e- 
mitted  an  intolerably  putrid  fmell,  and  the 
other,  though  it  had  yet  a bad  odour,  did 
not  fmell  fo  difagreeably  as  the  preceding, 
nor  even  fo  difagreeably  as  at  fidi.  Upon 
(halting  the  phial,  the  meat  fell  to  pieces, 
but  it  was  not  quite  diifolved.  This,  per- 
haps, happened,  becaufe  it  was  not  expofed 
to  a fufficient  heat. 

Thefe  experiments  throw  great  light  on 
/ligeilion.  They  ihew,  that  it  is  pot  the  ef- 
fect of  heat,  trituration,  putrefaction,  or 
fermentation  alone,  but  of  a powerful  fol- 
vent,  fecreted  by  the  coats  of  the  flomach, 
which  converts  the  aliment  into  a fluid,  re- 
fepibling  the  blood.  If  it  fhould  be  a/ked, 
what  defends  the  organ  itfelf,  I would  anfwer, 
that  it  is  the  vital  principle,  as  Mr.  Hun- 
ter’s (<z)  obfervations  ihew ; after  death  it  is 

diifolved 


(a)  Philofoph.  Tranf.  for  1772.  The  ingenious 
obferver  feems,  however,  to  attribute  too  much  to 
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difTolved  as  readily  as  any  other  inanimate 
fubftance.  It  is  probable,  that  every  fpecies 
of  animal  has  its  peculiar  gaftric  liquor,  ca- 
pable of  dilfolving  certain  fubftanoes  only. 
Some  living  folely  upon  vegetables,  others 
upon  animals,  and  thefe  cannot  be  obliged 
to  feed  upon  plants,  by  a faft  of  whatever 
continuance.  All,  by  an  infallibe  inftincft, 
choofe  what  is  heft  adapted  to  their  gaftric 
fluid.  The  food,  when  difTolved,  is  expel- 
led from  the  ftomach,  and  being  mixed  with 

this  principle.  He  fuppofes,  that  whatever  poflefTes  it, 
is  capable  of  refitting  the  action  of  the  gaftric  liquor 
his  arguments  by  no  means  prove  this.  Worms,  indeed, 
live  in  the  human  ftomach,  but  it  does  not  follow,  that 
other  animals  alfo  can,  for  nature  may  have  given  them  a 
particular  ftrudture  of  body.  The  following  confidera- 
tions  will  render  the  general  propofition  very  doubtful. 
Fifties  fwallow  and  digeft  living  crabs,  lobfters,  Sec. 
The  leech  is  concoCted  by  the  human  ftomach,  though  it 
has  no  pores,  and  can  fuftain  a temperature  equal  to  that 
of  man.  Cornelius  found  a fnake  half  digefted  in  a bird’s 
ftomach,  but  ftill  alive.  Plot  faw  one  eye  confumed, 
while  the  fifh  was  alive.  It  feems  therefore  probable, 
that  the  gaftric  liquor  acts  alfo  upon  living  things.  Per- 
haps, likewife,  it  isfometimes  fo  changed,  as  to  adt  on  the 
ftomach  itfelf.  The  following  cafes  communicated  by 
Dr.  Monro  render  this  probable.  A lady,  that  ufed  to 
•complain  of  pain  in  the  ftomach,  died  fiiddenly.  Upon 
opening  the  body,  a hole  was  found  in  the  left  fide,  and 
the  coats  were  relaxed  as  if  they  were  half  putrified. 
There  were  no  appearances  of  gangrene.  A boy  died 
after  having  long  ftruggled  with  fimilar  pains.  The  fto- 
mach exhibited  the  very  fame  appearance,  if  we  except 
the  hole.  From  the  preceding  fymptoms,  one  may  vena- 
ture to  fuppofe,  that  fome  alteration  was  produced  before 
death.  But  this  is  only  conjecture,  and  future  experi- 
ments mull  determine  the  queition. 
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the  bile  and  pancreatic  juice  in  the  duode- 
num, is  changed  into  a mild  blood  and  in- 
odorous liquid,  which  is  denominated  chyle. 
The  chyle  is  abforbed  by  numberlefs  veffels, 
and  is  parried  by  the  thoracic  dudt  into  the 
fubclavian  vein,  in  order  to  repair  the  copila m 
wafle  of  the  body. 
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EXPERIMENTS 

O N 

DIGESTION, 

By  Mr.  G O S S E, 

As  they  are  related  by  Mr.  Senebier,  in 
his  Considerations  on  the  Mode  in 
which  Spallanzani  conducted  his  Re- 
searches on  the  fame  Function. 

THE  experiments  of  Spallanzani  on  Di- 
geli  ion  fo  clearly  illuftrate  the  fubjedt, 
as  to  leave  nothing  further  to  be  defired  re- 
fpedting  the  concodtion  of  fclidfoodl  And 
though  his  experiments  on  himfelf  put  the 
finifhing  hand  to  his  refearches,  they  are  not 
however  fufficient  to  fatisfy  every  queftion 
-that  may  be  afked. — For  what  happens  to 
the  food  while  it  continues  in  the  itomach  ? 
When  does  digeftion  begin  ? When  does 
it  end  ? What  kind  of  food  is  moil;  eafy  of 
digeftion  ? To  fuch  queftions,  the  event  of 
experiments  made  with  filver  tubes  fwallow- 
ed  full  of  meat,  and  afterwards  voided  with 
the  excrements,  can  afford  no  latisfadtory 
reply.  To  afcertain  thefe  particulars,  it  was 
neceflary  to  be  able  to  vomit  at  will,  with- 
Vol.  I.  * X out 
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out  injuring  the  ffomach,  an  advantage  really 
poffefied  by  Mr.  Goffe.  The  experiments 
of  this  gentleman  were  made  with  the 
utmoft  care;  and  being  ignorant  of  the 
refearches  of  Spallanzani,  and  having 
adopted  no  fyftern,  he  obferved  the  pheno- 
mena only  ; but  thele  he  obferved  with  the 
eye  of  an  experienced  natural  iff,  an  able 
chemiff,  and  an  ingenuous  philofopher,  who 
legarded  truth  above  all  things.  His  inqui- 
ries were  directed  to  the  benefit  of  his  own 
health  ; had  he  enjoyed  greater  leifure,  he 
would  have  directed  them  to  the  advance- 
ment of  fcience.  Mr.  Goffe,  at  my  requeff, 
lent  me  an  account  of  his  experiments,  with 
permifiion  to  infert  them  in  this  preface  ; 
and  to  lubjoin  fuch  obfervations  as  I might 
think  proper,  he  himfelf  not  having  annexed 
any. 

Observations  on  swallowing  at- 
mospheric air. 

Mr.  Goffe,  wrhen  a boy,  acquired  the  art 
of  fwallowing  air  ; he  conceived  the  idea,  in 
conlequence  of  feeling  fome  acidity  in  his 
ffomach;  the  air  excited  vomiting,  which 
relieved  him.  He  had  ever  afterwards  re- 
courfe,  in  his  indigeftions,  to  the  fame  re- 
medy, and  it  conftantly  operated  with- 
out naufea  or  fatigue  to  the  ftomach  : by 
drinking  fome  water,  and  then  throwing  it 
up,  he  contrived  to  walk  this  organ,  as  well 
as  if  he  had  held  it  in  his  hand.  Finding 
himfelf  in  pofiefiion  of  fuch  an  advantage, 
he  thought  of  making  obfervations  on  di- 
geftion,  which  he  began  to  do  in  1760. 
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In  order  to  introduce  air  into  his  flomach 
he  held  his  breath,  fhut  his  mouth,  prefied 
the  air  againft  his  palate,  and  thus  obliged  it 
to  defcend  like  any  other  fu  bilance,  by  the 
exertion  of  the  mulcles  of  deglutition.  Its 
palfage  along  the  cefophagus  was  rendered 
fenfible,  both  by  the  lpace  it  occupied,  and 
the  noife  it  made. 

By  this  method,  in  appearance  fo  Ample, 
though  not  very  eafy  to  p radii  fe,  he  excited 
vomiting  at  pleafure  : he  fuppofes  the  efifedt 
to  be  produced  by  the  dilatation  of  the  air, 
which  is  occafioned  by  the  warmth  of  the 
flomach,  for  the  colder  it  was,  the  lefs  was 
necelfary.  Every  mouthful  of  air  was  nearly 
equal  to  a cubic  inch. 

Two  mouthfuls,  at  a temperature  of  40  or 
50  above  the  freezing  point,  fwallowed  when 
his  flomach  was  empty,  occafioned  a pain- 
ful tenfion,  which  could  only  be  removed 
by  evacuating  the  air  and  taking  food. 
When  he  wifhes  to  vomit  feveral  times  in 
fucceflion,  he  is  obliged  to  fwallow  frefh  air 
every  time,  till  nothing  but  this  fluid  un- 
mixed comes  from  the  flomach. 

We  have  here  a new  emetic,  fo  gentle  in  its 
operation,  that  it  would  be  of  great  ule  to  the 
fick  if  they  could  take  it,  or  if  an  eafy  way 
of  adminiflering  it  could  be  contrived. 

General  experiments  on  digestion. 

I.  Mr.  Goffe,  being  in  perfedl  health,  took 
at  dinner  foup  made  of  lean  fait  beef,  with 
common  bread  of  Paris,  and  chopped  herbs, 
among  which  were  chevril,  borage,  and 
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onions;  he  then  eat  lean  beef  with  fait,  and 
afterwards  fpinach  boiled  in  broth,  with  the 
fame  bread  baked  the  day  before,  and  proba- 
bly fermented  with  yeaft;  he  drank  red  wine 
of  Orleans.  Half  an  hour  after  dinner,  he 
fwallowed  fome  air  and  vomited:  he  found, 
that  the  food,  though  well  mafticated,  had 
undergone  fcarce  any  change  ; the  feveral 
things  he  had  taken  retained  their  tafte,  and 
their  weight  was  nearly  the  fame  as  at  firft, 
a fmall  quantity  of  gaftric  liquor  being  only 
mixed  with  them. 

II.  Having  made  the  fame  dinner  another 
day,  he  fwallowed  an  equal  quantity  of  air 
an  hour  afterwards,  and  after  vomiting,  found 
the  food  reduced  to  a pulp,  with  which  there 
was  mixed  much  gaftric  fluid.  The  tafte  of 
thè  aliments  was  not  much  changed,  except 
that  of  the  wine,  which  was  now  much 
milder;  the  gaftric  juice  had  produced  an 
addition  of  weight  ; but  though  the  food 
had  lain  an  hour  in  the  ftomach,  it  did  not 
feem  to  have  undergone  any  degree  of  fer- 
mentation. 

III.  He  repeated  the  experiment  two  hours 
after  a dinner  of  the  fame  kind.  The  ali- 
ments were,  as  before,  reduced  to  a pultaceous 
inafs,  but  there  was  no  change  of  tafte,  nor 
any  indication  of  fermentation  ;,  h©  could, 
however,  recover  only  half  of  what  he  had 

jie&tgnvi 
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Consequences  of  these  experiments. 

Thefe  experiments  agree  with  thofe  of 
Spallanzani.  The  food,  we  fee,  is  not  dif- 
folved  till  it  is  mixed  with  gaftric  liquor  : 
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the  juices  of  the  ftomach  aft  with  great 
celerity,  for  in  about  an  hour  and  an  half  they 
change  the  food  into  a pultaceous  matter, 
and  render  it  fluid,  without  however  alter- 
ing its  nature  : when  digeftion  is  properly- 
carried  on,  there  is  no  appearance  of  acidity 
or  alkalefcence  : the  food  does  not  all  fer- 
ment, and  the  procefs  of  digeftion  is  not 
compleated,  till  between  two  and  three  hours 
have  elapfed. 

The  experiments  of  Mr.  Goffe  confirm  a 
conjecture  I had  formed,  upon  the  caufe 
which  obliges  the  gaftric  fluid  to  iflue  from 
the  glands  by  which  it  is  fecreted.  I enter- 
tained a fufpicion,  that  the  weight  of  the 
food  forces  out  this  liquor,  by  ftretching  the 
internal  coat  of  the  ftomach,  juft  as  the  lame 
effeCt  is  produced  by  ftretching  it  with  the 
hand  after  the  death  of  the  animal.  In  reality, 
the  weight  of  the  food  is  fcarce  changed 
during  the  firft  half  hour;  the  tenfion  muft 
be  continued  longer,  in  order  that  there  may 
be  an  afflux  of  gaftric  liquor.  Further,  when 
Mr.  Goffe  drank  milk,  it  required  above  half 
an  hour  to  curdle  : whence  we  may  conclude, 
that  at  firft  there  is  no  gaftric  fluid  in  the 
ftomach,  and  that  the  milk  prelfes  it  out  by 
its  weight  when  it  has  continued  in  the 
ftomach  fome  time. 

Experiments  to  determine  the  de- 
gree OF  DIGESTIBILITY  OF  DIFFE- 
RENT KINDS  OF  FOOD. 

Mr.  Goffe  having  obferved  what  happens 
in  his  ftomach  in  the  ordinary  progrefs  or  di- 
geftion, vvilhcd  to  know,  by  means  of  vomit- 
ing. 
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ing,  the  refpedtive  digeftibility  of  various 
kinds  of  food,  that  he  might  choofe  fuch  as 
would  beft  agree  with  him.  The  following 
is  the  refill  t of  his  experiments,  as  divided 
by  him  into  three  claffes. 

The  hrft  contains  fuch  matters  as  ap- 
peared to  him  not  to  be  digeftible.  The  fe- 
cond,  fuch  as  were  in  part  digefled.  The 
third,  thofe  of  eafy  digeftion. 

I.  Substances  not  digestible,  or 

such  as  were  not  digested  in  the 

USUAL  TIME. 

Animal  Substances. 

I.  The  tendinous  aponeurotic  parts  of 
beefy  veal,  porky  poultry,  feat e. 

II.  The  bones . 

III.  The  oily  or  fatty  fubftances  of  thefe 
animals. 

IV.  The  white  of  an  egg  indurated  by  heat. 


Vegetable  Substances. 

V.  Oily  or  emulfive  feeds,  fuch  as  wal- 
nuts, almonds,  nuts,  pine-kernels,  piilacchio 
nuts,  grapes  hones,  the  feeds  of  apples,  pears, 
oranges,  lemons,.olives  ana  cocoa. 

VI.  Undtuous  oils  expreifed  from  walnuts, 
almonds,  nuts,  and  olives. 

VII.  Dried  grapes,  well  mahicated,  re- 
mained in  his  homach  for  two  days. 

VIII.  The  Jkin  of  frefh  grapes. 

IX.  The  fkin  or  rind  of  farinaceous  fub- 
ftances,  as  peafe,  beans,  lentil,  wheat,  barley. 

X . 
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X.  The  pods  of  peafe  and  kidney  beans. 

XI.  The  ikin  of  ftone-fruits,  as  cherries, 
apricots,  plums,  peaches,  damafcenes. 

XII.  The  hulk  of  fruits  with  grains  or 
feeds,  as  of  apples,  pears,  oranges,  lemons. 
Conferves  of  oranges  and  citrons,  notwith- 
ftanding  the  preparation  they  undergo,  are 
very  difficult  of  digeftion. 

XIII.  The  capfules  of  fruits  with  grains, 
as  of  apples  and  pears. 

XIV.  Ligneous  Hones,  as  thofe  of  cherries 
and  plums. 

It  ffiould  be  obferved,  that  thefe  feeds  do 
not,  any  more  than  the  emulfive,  lofe  their 
vegetative  power  by  lying  in  the  ftomach  : 
the  germination  of  fome  is  forwarded  by 
continuing  there.  Flow  many  plants  fail  to 
grow,  becaufe  their  feeds  are  difperfed  with- 
out manure  or  fuftenance  ? Bitterfweet,  ffo- 
lamum  dulcamara ) mifletoe,  hemp,  and  other 
plants,  which  lometimes  grow  upon  trees, 
are  produced  by  means  of  the  excrement  of 
birds. 


II.  Substances  less  indigestible, 
PART  OF  WHICH  Mr.  Cosse  DIGESTED. 

I r . I ‘ I • r « \ rrt  f f»  o 

Animaj,  Substances. 

f l f f f ' P*")  / ' ' *f>  ' r t • 

I.  Pork  drcffed  in  all  the  different  mer 
thods. 

II.  Black-puddings. 

III.  Yolk  of  eggs  roaffed. 

IV.  Fritters  of  eggs.  The  eggs  aim  oft 
conftantly  acquired  an  alkaline  charaóìer,  and 
a tafte  of  liver  of  fulphur,  produced  by  the 
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alkali  in  the  white,  and  the  fulphur  dii— 
covered  by  Mr.  Deyeux  in  the  yolk. 

V.  Fried  eggs  and  bacon  were  very  diffi- 
cult of  digeftion.  The  fat  of  the  bacon  pre- 
vented the  alkalefcence  of  the  eggs,  but  aci- 
dity often  enfued* 

Vegetable  Substances. 

VI.  Sallad  of  raw  herbs,  as  lettuce,  dande- 
lion, creffes,  fuccory.  The  bitternefs  of  fome 
of  thefe  herbs  feemed  to  facilitate  digefrion. 
The  oil  and  vinegar  ufed  for  feafoning  fallad 
tend  to  retard  digeftion,  but  it  is  pro- 
moted by  the  fait  and  pepper.  Mr.  Goffe 
could  not  long  continue  the  ufe  of  raw  ve- 
getables, on  account  of  the  acidity  they  pro- 
duced. 

Vìi.  White  cabbage  feemed  lefs  eafy  of 
digeftion  than  the  red,  and  the  nerves  of  the 
leaves,  lefs  than  the  parenchymatous  fub- 
fta  nee. 

VIII.  Beet,  cardoons. 

IX.  Boiled  and  raw  onions  and  leeks. 

X.  Roots  of  feurvy-grafs,  red  and  yellow 
'carrots,  and  fuccory,  are  more  difficult  to  di- 
geft  in  fallad,  than  in  any  other  way. 

XI.  The  pulp  of  fruit  with  feeds,  when 
it  is  not  fluid. 

XII.  Warm,  bread,  on  account  of  the 
ftrong  acidity  it  produces. 

. XIII.  Figs,  freffi  and  dry. 

XIV.  Sweet  paftry  occasioned  an  infup- 
portable  acidity. 

XV.  All  thefe  fubftances  became  more 
difficult  of  digeftion,  when  they  were  fried 
in  butter  or  oil. 

Mr. 
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Mr.  Goffe  further  remarks,  that  thefe  fe- 
veral  kinds  of  food,  if  they  fhould  not  be 
quite  diffolved  in  the  ftomach,  are  digefted 
in  their  paffage  through  the  inteftines,  whe- 
ther by  a continuation  of  the  adtion  of  the 
gaftric  liquor,  or  on  account  of  the  admix- 
ture of  the  bile,  pancreatic  juice,  &c. 


III.  Substances  easy  of  digestion, 

SUCH  AS  ARE  REDUCED  TO  A PULP  IN 

AN  HOUR,  OR  AN  HOUR  AND  HALF. 

Animal  Substances. 

I.  Veal,  lamb,  and  in  general  the  flefh  of 
young  animals,  is  fooner  digefted  than  of  the 
old.  All  kind  of  poultry , and  efpecially  fuch 
as  is  young. 

II.  Frejb  eggs  not  hardened  by  boiling. 

III.  Cow’s  milk. 

IV.  Perch  boiled,  with  a little  fait,  with 
parlley.  When  it  is  well  fried,  it  does  not 
digeft  fo  well,  and  the  fame  thing  happens 
when  it  is  feafoned  with  oil,  wine  and  white 
fauce. 


Vegetable  Substances. 

V.  Herbs,  as  fpinach  mixed  with  forrel, 
are  lefs  eafily  digeftible.  Celery,  but  the 
nerves  do  not  yield  fo  readily.  The  tops  of 
afparagus,  hops,  and  the  ornithogallus  of 
the  Pyrenees,  known  by  the  name  of  moun- 
tain hops. 

VI.  The  bottom,  or  the  placenta  of  arti- 
chokes. 
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VII.  The  boiled  pulp  of  fruits  with  feeds 
and  ftones,  feafoned  with  fugar,  becomes 
more  eafy  of  digeftion. 

VIII.  The  pulp  or  meal  of  farinaceous 
feeds,  as  wheat,  barley,  rice,  maize,  peafe, 
beans,  chefnuts,  &c.  roafted  chefnuts  are 
more  difficult  of  digeftion. 

IX.  Different  forts  of  wheaten  bread, 
without  butter,  the  fecond  day  after  baking. 
The  cruft  feemed  to  him  more  digeftible  than 
the  crumb.  The  fai  ted  bread  of  Geneva,  is 
fooner  digefted  than  the  Parifian  bread  made 
without  fait.  Bread  of  rye  and  buck-wheat 
does  not  digeft  fo  well  ; the  fame  obfervation 
may  be  applied  to  brown  bread,  in  propor- 
tion as  it  contains  more  bran. 

X.  Rapes,  turneps,  potatoes,  parfneps  of 
good  quality,  and  not  too  old. 

XI.  Gum  Arabic  ; but  the  acid  of  this 
fubftance  is  foon  felt.  The  Arabians,  per- 
haps, among  whom  it  is  an  article  of  food, 
obviate  this  efffedt  by  fome  prefervative. 

'ijfi  TO  Dd£)rt3QlUl  «■lJwffl  & ViiiT 

Substances  which  facilitated  Mr, 
Gosse’s  digestion. 

I.  Sea  or  common  fait. 

II.  Spices,  as  pepper,  cannella,  nutmeg, 
cloves. 

III.  Muftard,  fcurvy-grafs,  liorfe-radilh, 
radilh. 

IV.  Gapers. 

V.  Wine,  fpirituous  liquors  in  fmall  quan- 
tities. 

VI.  Cheefe,  and  more  efpecially  old  cheefe, 

VII.  Sugar. 

VIII.  Various  bitters. 

. • -rJf  "p  ii  « 
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Substances  which  retarded  his  di- 
gestion. 

I.  Water,  particularly  when  hot,  taken  in 
large  quantities.  It  occafions  the  food  to 
pafs  into  the  inteftines,  without  being  pro- 
perly diffplved. 

II.  All  acids. 

III.  All  aflringents  ; twenty-four  grains  of 
Peruvian  bark,  taken  half  an  hour  after  din- 
ner, flopped  digeflion. 

IV.  All  undtuous  fubflances. 

V.  A flrong  decoétion  of  bitter-fweet  pre- 
vented, upon  one  occafion,  the  digeflion  of 
the  mofl  digeflible  fubflances,  and  they 
turned  four. 

VI.  A grain  of  kermes,  taken  after  dinner, 
produced  the  fame  effect. 

VJI.  As  alfo  did  a grain  of  corrofive  fub- 
limate. 

Laflly,  He  obferved,  that  employment, 
after  a meal,  fufpended  or  retarded  digeflion  ; 
as  likewife  did  leaning  with  the  breafl  againfl 
a table.  He  remarked  that  repofe  of  mind, 
a vertical  pofition  of  the  body,  gentle  ex- 
ercife  after  taking  food,  were  favourable  to 
digeflion. 

The  benefit  which  medicine  and  the  health 
of  mankind  may  derive  from  fuch  experi- 
ments is  obvious.  It  were  to  be  wifhed, 
that  they  fhould  be  repeated  and  varied,  by 
making  trial,  for  inflance,  of  two  or  three 
different  kinds  of  fruit  at  once,  &c. 

The  refults  of  Mr.  Goffe’s  experiments 
are  different  from  thofe  of  Mr.  Keufs,  as 

related 
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related  in  a Diflertation  printed  at  Edin-> 
burgh  in  1768.  He  examined  the  hate  of 
his  food  three  hours  after  having  taken  it  ; 
but  he  took  an  emetic  in  order  to  bring  it 
up  ; now  it  is  obvious,  that  an  emetic  difor- 
ders  the  ftomach,  and  that  in  three  hours, 
food  of  every  kind  muff  undergo  too  great 
changes,  to  fhew  the  refpe&ive  digeftibility 
of  various  fubftances; 
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ITALIAN,  LATIN,  &c.  Passages, 

Page  1 17.  Come  le  rane , &c.  As  frogs  fcour  along 
the  water,  at  the  approach  of  the  water-fnake,  without 
flopping,  till  they  have  gained  the  dry  ground. 

Page  202.  Receptum  ejl , &c.  It  is  commonly  fup- 
pofed  that  animals  can  digeft  bone  : Boerhaave  formerly 
followed  the  opinion  of  Van  Helmont.  To  attain  greater 
certainty,  he  obferved  with  care  what  happens  to  food  in 
the  ftomach  of  animals  of  powerful  digellion:  he  found 
that  bone  is  not  digefted. 

He  gave  an  hungry  dog  fome  inteftine,  which  were 
eagerly  devoured,  but  inftead  of  being  conco£led,  they 
were  partially  voided,  and  hanging  out  at  the  anus,  tor- 
mented the  poor  animal.  He  afterwards  gave  another 
dog  fome  bones  anointed  with  butter  ; but  nothing  was 
diflolved,  except  what  water  will  difTolve.  Of  flefh,  the 
dry  and  expreffed  fibres  were  voided,  and  ligament,  in 
palling  through  the  alimentary  canal,  underwent  no 
change. 

Page  208.  In  the  excrement  of  the  dog,  we  find 
fragments  of  bone  little  altered.  It  is  merely  reduced  to 
pieces  ; the  fucculence  is  exprefled,  and  the  fragments 
are  formed  into  one  mafs. 
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errata. 


P.  S.  1.  penult,  and  elfewhere,  for  turile s read  turkeys— P.  31.  I.  13.  for 
fne  only  read  only  one— P.  48.  1.  14.  for  abounding  read  abound — P.  62. 1.  18. 
for  neck  read  beak — P.  66.  1.  6.  fot  eanem  read  carnem— P.  70.  1.  16.  between 
them  and  being  infert  from— P.  78.  note,  for  42  read  41— P.  83.  1.  21.  be- 
tween beat  and  when  infert  as— P.  90.  1.  6.  for  are  read  is—P.  97.  1.  1 3.  for 
sr.fivuating  read  infnuate— P.  109.  1.  IT.  for  rooks  read  ravens — P.  lie.  1. 
IT.  for  came  read  come— P.  118.  1.  15.  between  -wiped  and  very  infert  it— 
Ditto  1.  16.  for  progrefs  read  procefs—P.  124.  1.  4.  for  in  read  into — P.  127. 
k 32.  for  ejefled  read  rcjclied—P.  128.  1.  48.  for  barbels  read  barbel — P. 
135.  1.  21.  for  or  read  noi — P.  140.  1.  15.  for  axilla  read  axilla — P.  143. 
t.  penult.  For  they  read  it— P.  152.  1.  5.  for  -where  read  -when — Ditto  1.  24. 
for  ero-w  read  o-wl—  P.  155.  1.  33.  for  oval  read  fcreecb-owl — P.  163.  1.  15. 
after  for  infert  as— P.  166.  1.  26.  for  in  read  to — P.  171.  1.  32.  for  beheld 
read  behold—  P.  172.  1.  to.  dele  one—  P.  J 7 3 1-ig.  after  only infert -would — - 
P.  184.  1.  24.  for  -were  read  -was— P.  201.  1.  16.  before  appeared  infert  as— 
V.  207.  1.  4.  after  examine  infert  them— P.  215.  1.  1 1.  for  are  read  is  - P. 
2.19.  1.  21.  for  analogue  read  analogous — P.  231.  1.  33.  delcjy" — P.  274.  1.  7, 
for  Gardana  read  Cardane- P.  290.  1.  14.  after  in  infert  not — P.  292.  1.  30. 
for  ehofe  read  eboofc — P.  293.  1.  25.  dele  of—P.  206.  1.  21.  for  miafma  read 
magma — P.  3 1 1.  1.  27.  the  words  in  the  part  that  has  been  omitted  fliould  hav< 
been  at  the  bottom  of  the  page— P.  3 1 fi.  1.  2.  dele  blood. 
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